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Terms  of  Office  Expired  in  1898. 

T*  f;  ^^^^,                     C.  L.  Mees,  Mansfield  Meeeiman 
J.  M.  Oedway,                  w.  G.  Raymond,  Cady  Staley, 
R.  S.  Woodward. 

•  Deceased. 


Xll  MEMBERS   OF   PREVIOUS   COUNCILS. 

Terms  of  Ofllce  Expired  in  1899. 

Arthub  Beaedslet,         Robeet  Fletcher,  John  Galbraith,* 

William  Kent,  T.  C.  Mendenhall,        W.  H.  Schijerman, 

M.  E.  Wadsworth. 

Terms  of  Oflace  Expired  in  1900. 

Storm  Bull,*  L.  G.  Carpenter,  Axbert  Kingsbury, 

F.  O.  Marvin,*  E.  B.  Owens,  R.  L.  Sackbtt, 

R.  H.  Thtjeston.* 

Terms  of  Office  Expired  in  1901. 

T.  N.  Drown,*  M,  A.  Howe,  I.  N.  Hollis, 

Gaetano  Lanza,  P.  C.  Eicketts,  R.  6.  Thoilas, 

C,  M.  Woodward.* 

Terms  of  Office  Expired  in  1902. 

Brown  Ayres,  G.  W.  Bissell,  J.  J.  Flather, 

W.  T.  Maoruder,  F.  W.  McNair,  J.  M.  Porter, 

A,  J.  Wood. 

Terms  of  Office  Expired  in  1903. 

C.  F.  Allen,  D.  C.  Jackson,  N.  C.  Ricker, 

J.  P.  Brooks,  Edgar  Marburg,  A.  L.  Williston, 

J.  C.  Nagle. 

Terms  of  Office  Expired  in  1904. 

W.  F.  M.  GoBB,  Thomas  Gray,*  D.  C.  Humphreys, 

O.  H.  Landreth,  W.  G.  Raymond,  L.  E.  Eeber, 

L.  S.  Randolph. 

Terms  of  Office  Expired  in  1905. 

Wm.  Esty,  L.  J.  Johnson,  W.  M.  Towle, 

H.  S.  Jacoby,  Elwood  Mead,  J.  L.  Van  Ornum, 

Edward  Oeton,  Jr. 

Terms  of  Office  Expired  in  1906. 

John  Galbraith,*  Charles  S.  Howe,         Walter  M.  Riggs, 

Frederick  P.  Spalding,  Henry  W.  Spanqler,*  Fred.  E.  Turneaure, 
Herman  K.  Vedder. 

Terms  of  Office  Expired  in  1907. 

Thomas  Gray,*  James  C.  Nagle,  William  G.  Eaymond, 

Louis  E.  Reber,  Arthur  N.  Talbot,        Clarence  A.  WaU)0, 

Robert  S.  Woodward. 

Terms  of  Office  Expired  in  1908. 

Victor  C.  Alderson,        Arthur  H.  Ford,  H.  P.  Talbot, 

Francts  C.  Caldwell,      Henry  S.  Munroe,         A.  L.  Williston, 
Frederick  W,  Speer. 

•  Deceased. 
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Terms  of  Office  Expired  in  1909. 

Chaeles  F.  Bubgess,       John  F.  Hayford,  Thomas  W.  Palmee 

AsTHua  M.  Geeenb,  Jb.,  Milo  S.  Ketchum,         Joseph  A.  Thalee.  ' 

Henby  H,  Nobbis. 

Terms  of  Office  Expired  in  1910. 

Feed  W.  Atkinson,  Walter  B.  Russell,      William  S.  Fbanklin. 

Mobtimee  E.  Cooley,       William  Kent,  Charles  F.  Scott 

Harold  B.  Smith.  ' 

Terms  of  Office  Expired  in  1911. 

LeSTEE  p.  BRECKENEmOE,  LEWIS  J.  JoHNSON,  WhJJAM  G.  EaYMOND 

Thomas  Gbay,«  William  T.  Magrudeb,  Hebman  Schneidee    ' 

Clarence  A.  Waldo.  ' 

Terms  of  Office  Expired  in  1912. 
IJANK  H.  Constant.       H.  Wade  Hibbabd,         Edw.  R.  Maueeb, 
Feedeeick  a.  Goetze,     John  H.  Leete,  John  C.  Osteut 

Chas.  Russ  Richards.  ' 

Terms  of  Office  Expired  in  1913. 

n  w  ^J^MiN,  E.  E.  Beydone-Jack,     J.  F.  Hayfoed, 

G.  W.  BissELL,  w.  H.  p.  Cbeiqhton,     C.  Russ  RicHiEDS. 

H.  W.  Tylee.  * 

Terms  of  Office  Expired  in  1914. 
J.  K  Boyd,  f.  L.  Emory,  j.  a.  L.  Waddell, 

0.   H.   Crouch,  c.  E.  Magnusson,  a.  J    Wood 

H.  H.  Stoek.  ■  ' 

Terms  of  Office  Expired  in  1915. 

F.  L  Bishop,  q.   P.  Hood,  w.  B.  Snow, 

G.  R.  Chatburn,  g.  D.  Shepardson,  j.  c.  Tracy, 

F.  P.  McKlBBEN. 

Terms  of  Office  Expired  in  1916. 
J.  F.  Hayford,  F.  P.  Sp.vldixg, 

M.  S.  Ketchum,  H.  W.  Tyler, 

A.  S,  Langsdorf,  p.  f.  Walker, 

S.  M.  Woodward. 

*  Deceased. 


DECEASED    MEMBERS. 


Naks. 

Yf.ab  of 
Election. 

Date  of  Death. 

Memoir. 
VoL  Page. 

C.  L.  Adams 

1904.... 

Sept.  16,  1914. 

XXn,  414 

Philip  R.  Aloeb 

1909.... 

February  23,  1912. 

XX,  Part  II,  491 

William  A.  Akthoky.  . 

1907.... 

May  29,  1908. 

XVI,  409 

Geoege  W.  Atheeton  . . . 

1904. . . . 

July  24,  1906. 

XIV,  292 

Waeren  Babcock 

1908.... 

May,  1913. 

XXI,  434 

VOLNEY    G.    BaBBOUB 

1894.... 

June  4,  1901. 

IX,  340 

Charles  B.  Brush 

1893.... 

June  3,  1897. 

VTI,  181 

Storm  Bull      

1893.... 
1907.... 

November  18,  1907. 
November  23,  1910. 

XVT    407 

Octave  Chanute 

XIX,  501 

S.  B.  Charters,  Jr 

1911.... 

December  29,  1912. 

XX,  Part  n,  493 

S.  B.  Christy 

1893.... 

Nov.  30,  1914. 

XXII,  415 

ECKLEY    B.    COIE 

1894.... 

May  13,  1895. 

VII,  182 

Chas.  S.  Denison 

1893.... 

July  31,  1913. 

XXII,  411 

Dickinson.  W.  P 

1909.... 

Nov.  4,  1915. 

A.  J.  DuBois 

1894.... 

Oct.  19,  1915. 

Thomas  M.  Drown 

1895.... 

November  16,  1904. 

XII.  244 

Chas.  B.  Dudley 

1894.... 

December  21,  1909. 

XVIII,  446 

FRANas  R.  Fava,  Jr 

1894.... 

March  28,  1896. 

VII,  183 

A.  J,   Frith 

1911 

November  10,  1913. 

XXI,  435 

ESTEVAN    A.    FUERTES.  .  . 

1894.... 

January  16,  1903. 

XI,  372 

Henry  Fulton 

1894.... 

December  6,  1901. 

X,  258 

John  Galbraith    

1S93.... 

July   22,   1914. 

XXII,  410 

Thomas  Gray 

1895.... 

December  19,  1908. 

XVII,  238 

Wm.  F.  Gurley 

1913 

February  17,  1915. 

XXII,  417 

Herbert   G.   Greer 

1894.... 

March  7,   1900. 

VTII,  371 

Lyman  Hall 

1904.... 

August  16,  1905. 

XIV,  287 

E.  L.  Hancock 

1903.... 

October  1,  1911. 

XIX,  505 

Albf.rt   H,   Hm.T.KR 

1903.... 

February  20,  1906. 

XIV,  290 

H.  R.  Huelle 

1914.... 

John  B.  Johnson 

1893.... 

June  23,  1902. 

X,  259 

J.  W.  Johnson 

1907.... 

August  29,  1911. 

XIX,  506 

Rodney  G.  Kimball 

1894.... 

April  25,  1900. 

X,  261 

Burton  S.  Lanphear.  . . 

1897.... 

October  14,  1904. 

XII,  249 

Benjamin  F.  La  Rue.  . . 

1899. . . . 

December  22,  1903. 

XII,  243 

N.   W.   Lord 

1907.... 

May  23.  1911. 

XIX.  507 

C.  S.  Maoowan 

1896. . . . 

November  14,  1907. 

XVI,  406 

F.  0.  Marvin 

1893.... 

Feb.  11,  1915. 

XXII,  416 

A.  G.  Smith 

1909.... 

Nov.  5,  1916. 
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Name. 

Year  of 
Election 

Date  of  Death. 

Memoir. 
Vol.  Page. 

K.  E.  GUTHE 

1914  . . . . 

1904 

1895 .... 
1912 

1894  .... 
1913.  „.. 
1909  .... 
1911.... 

1895  .... 
1910 

Februarj-ia,  1916. 
March  12,  1915. 
ISept.  15,  1916. 
October,  1916. 
January  15,  1916. 
Nov.  5,  1916. 

1916. 

1916. 

1916. 

XXIV, 
XXIV, 
XXIV, 
XXIV, 
XXIV, 
XXIV, 

Louis  Duncan  

A.  E.  Haynes   

J.    W.    MuLDOWNEY     .... 

F.  H,   EOBINSON    

G.  D.  Walters 

A.  G.  Smith  

A.  C.  Einstein 

Elmer  Corthell  

H.  A.  Sayre 

FINAL    PROGRAM    OF    THE    TWENTY-FOURTH 

ANNUAL   MEETING,   UNIVERSITY   OF 

VIRGINIA,  UNIVERSITY,  VA., 

JUNE  19-22,  1916 

Monday,  June  19. 
9:30  A.  M. — Meeiing  of  Committee  on  Committees. 

10:00  A.  M. — Council  Meeting. 

11:00  A.  M. — Meeting  of  Institutional  Delegates, 

Vice-President  G.  R.  Chatburn,  presiding. 

2:00  P.  M. — Opening  Session. 

President  Henry  S.  Jacoby  presiding. 

Address  of  Welcome.     Edwin  A.  Alderman,  President.  Univ. 

of  Virginia. 
Response.     President  Henry  S,  Jacoby. 
Report  of  Treasurer. 
Appointment  of  Auditing  Committee. 
Report  of  Secretary. 

Appointment  of  Committees  on  Resolutions  and  Nominations. 
Report  of  Committee  Xo.  4,  Committee  on  Committees,  11.  S. 

Jacoby,  Cliairman,  Cornell  University. 
Report  of  Committee  Xo.  7,  Institutional  Committee,  G.  R. 

Chatburn,  Chairman.  University  of  Xebraska. 
Report  of  Committee  Xo.  5,  Joint  Committee  on  Engineering 
Education.   Desmond   FitzGerald,    CJminn/in.   Brookline, 
Mass. 
Address.     Report  of  Progress  on  the  Study  of  Engineering 
Education,  Dr.   C.  R.  ^Mann.   Carnegie  Foundation  for 
the  Advancement  of  Teaching. 
Report  of  Committee  No.  6,  Joint  Committee  on  Classifica- 
tion of  Colleges,  C.  S.  Howe,  President,  Case  School  of 
Applied  Science. 

5:00-6:30  P.  M. — Reception.    The  Colonnade  Club. 
8:00  P.  M. — Annual  Society  Smoker. 
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Tuesday,  June  20. 

9:00  A.  M. — Meeting  of  Council. 

9:30  A.  M. — Second  Business  Session, 

President  Jacoby  presiding. 

Report  of  Committee  No.  8,  Entrance  Requirements  for  En- 
gineering Schools,  J.  J.  Flather,  Chairman,  University  of 
Minnesota. 

Discussion:  J.  S.  Grasty,  Harrison  Webb. 

Report  of  Committee  No.  9,  Administration,  F.  H.  Constant, 
Chairman,  Princeton  University. 

Discussion:  C.  Derleth,  Jr.,  A.  H.  Fuller,  D.  C.  Jackson,  F. 
E.  Turneaure,  W.  M.  Thornton. 

Paper — Student  and  Faculty  Activities  in  a  City  Technical 
School,  by  Hollis  Godfrey,  President,  Drexel  Institute. 

Paper— A  Plea  for  the  Further  Study  of  Efficient  Methods  in 
the  Administration  of  an  Engineering  College,  by  C.  C. 
Morris,  Assistant  to  the  Dean,  The  Ohio  State  University. 

Report  of  Committee  No.  19,  Committee  on  Statistics,  A.  J. 
Wood,  Chairman,  The  Pennsylvania  State  College. 

Discussion :  L.  G.  Hoxton,  H.  B.  Shattuck. 

Report  of  Committee  No.  20,  Committee  on  the  Standardiza- 
tion of  Technical  Nomenclature,  J.  T.  Faig,  Chadrman, 
Univ.  of  Cincinnati. 

Discussion:  Jas.  Aston,  C.  H.  Benjamin,  Wm.  Kent,  J.  S. 
Lapham,  C.  W.  Park. 

Paper — Graduate  Courses  for  Practicing  Engineers,  by  A.  H. 
Blanchard,  Professor  of  Highway  Engineering,  Colum- 
bia University. 

1:00  P.  M. — Luncheon  to  Visiting  Ladies. 

The  Blue  Ridge  Club. 

Tuesday  afternoon  has  been  set  aside  for  a  trip  to  Monticello, 
the  home  of  Jefferson. 


xviu  program  of  twexty-fourth  annu.^l  meeting. 

Wednesday,  June  21. 

9:00  A.  M. — Meeting  of  Council. 

9:30  A.  M. — Third  Business  Session, 

President  Jaeoby  presiding. 

Report  of  Committee  on  Nominations. 
Election  of  Officers. 

Report  of  Committee  No.  10.  Mathematics.  L.  C.  Plant.  Chair- 
man, ^lichigan  Agricultural  College. 
Discussion:  E.  R.  Maurer.  D.  C.  Miller.  W.  :M.  Thornton,  E. 

H.  Wood. 
Paper — The  Meaning  of  Integration  in  Calculus,  by  James  E. 

Boyd.  Professor  of  Mechanics.  The  Ohio  State  University. 
Report  of  Committee  No.  11,  Physical  Sciences,  D.  C.  Miller, 

Chairman.  Case  School  of  Applied  Science. 
Discussion :  R.  M.  Bird.  H.  S.  Hower. 
Paper — Teaching  Chemistry  at  the  University  of  Virginia. 

by  R.  M.  Bird.  Professor  of  Chemistry,  University  of 

Virginia. 
Report  of  Committee  No.  13,  Mechanics  and  Hydraulics,  E. 

R.  !Maurer.  Chairman.  University  of  Wisconsin. 
Discussion :  J.  E.  Boyd,  6.  R.  Chatburn.  C.  M.  Sparrow. 

1:30 — Afternoon  Session. 

Report  of  Committee  Xo.  12.  English.  S.  C.  Earle,  Chairman. 
Tufts  CoUege. 

Discussion :  Hollis  Godfrey.  Wm.  Kent.  Wm.  T.  ^Magruder. 
C.  W.  Park,  C.  Alphonso  Smith. 

Report  of  Committee  No.  14,  Economics.  J.  A.  L.  Waddell, 
Chairman.  Kansas  City. 

Discussion:  T.  W.  Page.  W.  M.  Riggs. 

Paper — Occupation  and  Distribution  of  Engineering  Grad- 
uates, by  A.  A.  Potter,  Dean,  Engineering  Di^^sion, 
Kansas  State  Agricultural  College. 

Paper — Engineering  Education,  by  A.  B.  McDaniel,  Assistant 
Professor  of  Civil  Engineering.  Universitv  of  Illinois. 
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4:00  P.  M. —General  Meeting. 
Conducted  by  lustitutional  Delegates. 

Paper— Kesearch  as  an  Element  of  the  Growth  and  Progress 
of  the  School. 

(a)  As  an  aid  to  teaching. 

(b)  As  a  means  to  keep  instructors  in  a  condition  of 
growth. 

(e)   For  the  value  of  results. 

(d)   To  make  possible  the  efficient  and  economical  use 
of  laboratory  equipment. 
By  P.  F.  Walker,  Universitv  of  Kansas. 
Discussion:  C.  L.  Crandall.  C.  H.  Crouch,  C.  Derleth.  Jr    A 
H.  Fuller,  Hollis  Godfrey.  D.  C.  Jackson,  C.  E.  Mao-nus- 
,    son,  A.  A.  Potter,  W.  S.  Eodman,  F.  E.  Turneaure.  P.  F. 
Walker. 

5:00  to  6 :30— Reception. 

Dean  and  Mrs.  Thornton. 

7 :30  P.  1[. — Annual  Dinner. 

Presidential   Address,   Professor   Henry   S.    Jacoby 

Some  Details  in  Engineering  Education. 

Thursday,  Juxe  22. 

9:00  A.  M.—Meeting  of  Council. 

9:30  A.  M.~Fourth  Business  Session, 

President  Jacoby  presiding. 

Report  of  Committee  on  Resolutions. 

Report  of  Committee  Xo.    18.   Mining  Engineering,  F.   W." 

Sperr,  Chairman,  :\Iichigan  College  of  Mines. 
Discussion:  H.  B.  Meller. 
Report  of  Committee  Xo.  15,  Civil  Engineering,  F.  P.  Mc- 

Kibben.  Chairman.  Lehigh  University. 
Discussion :  J.  C.  Tracy.  J.  L.  Xewcombe.' 
Report  of  Committee  Xo.  16.  Mechanical  Engineering,  A.  M. 
Greene,  Jr.,  Chairman,  Rensselaer  Poly.  Inst. 
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Discussion :  B.  W.  Benedict,  F.  C.  "Wagner,  A.  L.  Williston, 

Chas.  Hancock. 
Report  of  Committee  No.  17,  Electrical  Engineering,  C.  F. 

Scott,  Chairman,  Sheffield  Scientific  School. 
Discussion :  F.  C.  Caldwell,  L.  H.  Harris,  S.  R.  Pritchard,  W. 

S.  Rodman,  J.  F.  WUson. 

12:30  P.  M. — Adjournment. 

Local  Committees. 

General  Committee. — Professor  W.  S.  Rodman,  Chairman, 
Dean  AV.  M.  Thornton,  Professor  J.  L.  Xewcombe,  Mrs.  W.  S. 
Rodman,  Professor  Chas.  Hancock,  Professor  J.  S.  Lapham. 

Housing  and  Registration  Committee. — Professor  W.  S. 
Rodman.  Chairman,  Professor  J.  S.  Grasty.  ]\Ir.  A.  "W.  Wright, 
Mr.  E.  J.  Oglesby,  Mr.  X.  E.  Oglesby,  Mr.  T.  R.  Suavely,  Mr. 
John  Ridout,  Jr. 

Entertainment  Committee. — Professor  J.  S.  Lapham,  Chair- 
man, Professor  L.  G.  Hoxton,  Mr.  P.  H.  Graham. 

Committee  on  Dining  Hall. — Professor  J.  L.  Xewcombe, 
Chmrman,  Professor  W.  S.  Rodman,  Professor  J.  H.  Cline. 

Excursion  Committee. — Dean  W.  M.  Thornton,  Chairman, 
Professor  J.  L.  Xewcombe,  Mr.  E.  T.  Browne. 

Program  Committee. — Professor  Charles  Hancock,  Chair- 
man, Professor  R.  IM,  Bird,  Mr.  E.  X.  Tucker. 

Ladies'  Entertainment  Committee. — Mrs.  W.  S.  Rodman, 
Chairman,  Mrs.  T.  L.  Watson.  IMrs.  J.  S.  Grasty,  Mrs.  C.  M. 
Sparrow. 


MINUTES  OF  THE  TWENTY-FOURTH 
ANNUAL  MEETING. 


University,  Va. 
June  19  to  June  22,  1916. 


The  twenty-fourth  annual  meeting  of  the  Society  for  the 
Promotion  of  Engineering  Education  was  held  at  the  Univer- 
sity of  Virginia,  University,  Va.,  June  19  to  22,  1916.  The 
sessions  were  held  in  the  main  assembly  room  of  Madison  Hall, 
Registration  headquarters  were  in  the  lobby  of  Madison  Hall. 

MINUTES  OF  THE  REGULAR  SESSIONS. 
Monday,  June  19. 


Afternoon  Session. 

The  meeting  was  called  to  order  at  2  :00  P.M.  by  President 
Henry  S.  Jacoby,  Professor  of  Bridge  Engineering,  Cornell 
University,  who  introduced  President  E.  A.  Alderman  of  the 
University  of  Virginia.  President  Alderman  introduced  W. 
M.  Thornton,  Dean  of  the  Department  of  Engineering,  who 
delivered  the  address  of  welcome.  President  Jacoby  re- 
sponded for  the  Society. 

The  reading  of  the  Treasurer's  report  was,  at  the  request  of 
the  Treasurer  and  in  accordance  with  the  usual  custom,  de- 
ferred until  following  its  presentation  to  the  Council. 
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The  Secretary,  Dean  F.  L.  Bishop,  presented  his  report, 
which  upon  motion  was  received.  President  Jacoby  appointed 
Messrs.  A.  H.  Blanchard,  Chairman,  H.  H.  Norris  and  C.  R. 
Mann  as  members  of  the  Auditing  Committee  to  audit  the 
books  of  the  Treasurer.  This  Committee  was  appointed  upon 
recommendation  of  the  Council. 

Professor  Jacoby,  Chairman  of  Committee  No.  -4.  Commit- 
tee on  Committees,  asked  Professor  F.  H.  Constant  to  read  the 
report  of  that  Committee.  This  report  was  read  and  ac- 
cepted. Professor  G.  R.  Chatburn,  Chairman  of  Committee 
No.  7,  Institutional  Committee,  presented  the  report  of  his 
Committee,  which  was  adopted  by  unanimous  vote.  Professor 
W.  S.  Rodman,  on  behalf  of  the  Local  Committee,  made  an- 
nouncements regarding  the  Colonnade  Club  Reception ;  the 
Annual  Society  Smoker ;  the  group  photograph ;  luncheon  for 
the  ladies  at  the  Blue  Ridge  Club  on  Tuesday;  the  Tuesday 
afternoon  trip  to  Monticello;  the  Annual  Society  Dinner  on 
"Wednesday  evening;  and  arrangements  for  the  historic  trip 
•following  the  Convention.  Mr.  Desmond  FitzGerald,  Chair- 
man, Committee  No.  5,  Joint  Committee  on  Engineering  Edu- 
cation, presented  the  report  for  this  Committee.  Dr.  C.  R. 
Mann  then  presented  a  report  of  progress  in  the  study  of  en- 
gineering education.  A  discussion  of  these  reports  followed. 
It  was  moved,  seconded  and  carried  that  some  time  be  found 
on  the  program  in  order  to  hear  further  from  Dr.  Mann  and 
have  a  more  satisfactory  and  complete  discussion  of  his  report. 
(Later  determined  by  the  Program  Committee  to  include  this 
discussion  in  special  session  of  Tuesday  evening. ) 


Tuesday,  June  20. 


Morning  Session. 

The  meeting  was  called  to  order  at  9 :30  with  President 
Jacoby  in  the  chair.     The  Treasurer,  Mr.  AV.  0.  AViley  pre- 
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sented  his  annual  report,  giving  the  condition  of  the  treasury 
as  of  June  15,  1916,  the  complete  report  to  be  made  after  June 
30.     This  report  was  referred  to  the  Auditing  Committee.     In 
the  absence  of  the  Chairman,  Professor  J.  J.  Flather,  Mr.  C. 
M.  Wirick  presented  the  report  of  Committee  No.  8,  Entrance 
Requirements  for  Engineering  Schools.     Professor  F.  H.  Con- 
stant,  Chairman  of  Committee  No.  9,  Administration,  pre- 
sented the  report  for  this  Committee.     A  discussion  of  these 
two  reports  followed.     President  Hollis   Godfrey  then  pre- 
sented his  paper,  "Student  and  Faculty  Activities  in  a  City 
Technical  School,"  followed  by  discussion.     Professor  C.  C. 
Morris  being  absent,  his  paper,   "A  Plea  for  the  Further 
Study  of  Efficient  Methods  in  the  Administration  of  an  En- 
gineering College, ' '  was  read  by  title.    Professor  J.  T.  Faig, 
Chairman  of  Committee  No.  20,  Standardization  of  Technical 
Nomenclature,  presented  the  report  for  this  Committee.     A 
discussion    followed.     In    the    absence    of    Professor    A.    H. 
Blanchard,  his  paper,  "Graduate  Courses  for  Practicing  En- 
gineers," was  read  by  title.     President  Jacoby  announced  a 
special  meeting  for  Tuesday  evening  at  8  :00  P.M.  to  give  time 
for  the  discussion  of  Dr.  Mann's  report;  to  continue  discus- 
sion of  the  subjects  not  completed  in  Tuesday  morning's  ses- 
sion ;  and  to  take  out  of  Thursday  morning 's  program  enough 
material  to  allow  the  Society  to  close  its  last  session  before 
10:00  A.M.     The  names  of  the  members  of  the  Nominating 
Committee  present  were  announced  at  this  time  as  follows :  C. 
L.  Crandall,  C.  S.  Howe,  A.  H.  Fuller,  A.  W.  Greene,  Jr.,  D. 
C.  Miller,  D.  C.  Jackson,  and  W.  T.  Magruder. 

Tuesday  Evening. 

The  special  session  of  the  Society  was  called  to  order  at 
8 :00  P.M.  with  President  Jacoby  in  the  chair.  Professor  D. 
C.  Jackson  moved  that  hereafter  the  Program  Committee,  be- 
fore allotting  time  to  any  paper  on  the  program,  carefully 
make  an  assignment  of  time  for  presentation  of  the  paper  j 
for  those  who  are  requested  to  discuss  the  paper,  and  also  time 
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for  general  discussion.  This  motion  was  seconded  and  car- 
ried. The  report  of  the  Committee  on  the  Standardization  of 
Technical  Nomenclature  was  then  discussed.  Motion  was 
made  and  seconded  that  the  Committee  take  up  the  question 
of  nomenclature  with  the  national  engineering  societies,  look- 
ing to  the  appointment  of  a  committee  of  two  members  from 
each  of  these  societies  to  act  as  a  joint  committee  on  this  sub- 
ject. This  motion  was  amended  to  refer  the  matter  to  the 
Council  with  the  recommendation  of  the  Society  that  it  be 
passed.  The  motion  as  amended  was  then  carried.  The  re- 
port of  Dr.  Mann  was  then  discussed. 


TVedxesdat,  Juxe  21. 


Morning  Session. 

The  meeting  was  called  to  order  at  9 :30  with  President 
Jacoby  in  the  chair.  The  report  of  the  Institutional  Commit- 
tee was  presented  and  adopted.  The  Nominating  Committee 
then  reported  as  follows : 

For  President :  G.  R.  Chatburn,  University  of  Nebraska. 

For  First  Vice-President :  HoUis  Godfrey,  Drexel  Institute. 

For  Second  Vice-President :  "W.  ]\I.  Thornton,  University  of 
Virginia. 

For  Secretary :  F.  L.  Bishop,  University  of  Pittsburgh. 

For  Treasurer:  W.  0.  Wiley,  432  Fourth  Avenue,  New 
York,  N.  Y. 

For  members  of  the  Council  to  serve  for  three  years:  E.  J. 
McCaustland,  University  of  Missouri;  F.  G.  Higbee,  State 
University  of  Iowa ;  K.  W.  Gay,  Mississippi  A.  &  M.  College ; 
T.  E.  French,  The  Ohio  State  University;  A.  H.  Blanchard, 
Columbia  University;  A.  A.  Potter,  Kansas  State  Agricul- 
tural College ;  Wm.  H.  Browne,  Jr.,  North  Carolina  A.  &  M. 
College. 
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On  motion  the  Secretary  was  instructed  to  cast  the  unani- 
mous vote  of  the  Society  in  favor  of  all  the  above  candidates. 
Upon  recommendation  of  the  Council,  the  Society  by  motion 
selected  Northwestern  University,  Evanston,  111.,  as  the  meet- 
ing place  for  1917.  The  report  of  Committee  No.  19,  Statis- 
tics, was  then  presented  by  the  Chairman,  Professor  A.  J. 
Wood,  followed  by  the  report  of  Committee  No.  10,  Mathe- 
matics, presented  by  the  Chairman,  Professor  L.  C.  Plant. 
These  two  reports  were  then  discussed.  A  motion  was  made, 
seconded  and  carried  that  the  Society  go  on  record  as  advis- 
ing and  urging  the  formation  of  conference  committees  in  the 
various  institutions  on  which  there  should  be  representatives 
from  the  departments  of  mathematics,  physics  and  mechanics 
and  such  other  departments  as  are  interested.  A  paper,  ' '  The 
Meaning  of  Integration  in  Calculus,"  was  read  by  Professor 
James  E.  Boyd.  Professor  D.  C.  Miller,  Chairman  of  Com- 
mittee No,  11,  Physical  Science,  presented  the  report  for  this 
Committee.  Discussion.  Professor  R.  M.  Bird  read  a  paper 
on  "Teaching  Chemistry  at  the  University  of  Virginia." 
Professor  E.  R.  Maurer,  Chairman  of  Committee  No.  13,  Me- 
chanics and  Hydraulics,  presented  the  report  for  this  Com- 
mittee. A  motion  was  made,  seconded  and  carried  that  the 
Committee  on  Mechanics  and  Hydraulics  in  the  preparation 
of  the  syllabus  hold  conferences  either  by  letter  or  otherwise 
with  the  Committee  on  Physics. 

Afternoon  Session. 

The  afternoon  session  was  called  to  order  at  1 :30  P.M.  with 
President  Jacoby  in  the  chair.  The  report  of  Committee  No. 
14,  Economics,  was  presented  by  the  Chairman,  Dr.  J.  A.  L. 
Waddell.  Dean  A.  A.  Potter  read  a  paper,  ''Occupation  and 
Distribution  of  Engineering  Graduates."  Professor  F,  H. 
Newell  then  read  his  paper  on  ''The  Human  Element  in  En- 
gineering Work."  A  brief  discussion  followed.  In  the  ab- 
sence of  the  Chairman,  Professor  S.  C.  Earle,  Professor  C.  W. 
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Park  presented  the  report  of  Committee  No.  12,  English. 
This  report  was  discussed.  Professor  A.  B.  ]\IeDauiel  read  a 
paper  on  "Some  Thoughts  on  Engineering  Education."  In 
the  absence  of  the  members  of  Committee  No.  17,  Electrical 
Engineering,  the  report  of  this  Committee  was  not  read,  it 
being  already  in  print.  At  the  request  of  the  members  of  Com- 
mittee No.  15,  Civil  Engineering,  permission  was  given  to 
postpone  their  report  until  the  next  meeting.  Professor  F. 
W.  Sperr,  Chairman  of  Committee  No.  IS,  Mining  Engineer- 
ing, then  presented  the  report  of  that  Committee. 


Thuiisdat,  June  22. 


Morning  Session. 

The  final  session  of  the  Society  was  called  to  order  at  8 :30 
by  President  Jacoby.  Professor  A.  M.  Greene,  Jr.,  Chairman 
of  Committee  No.  16,  Mechanical  Engineering,  presented  the 
report  of  this  Committee.  In  the  absence  of  Professor  S.  W. 
Beyer,  Chairman  of  the  Committee  on  Resolutions,  Dean  Cory 
presented  the  following  resolutions,  which  were  adopted  by  the 
Society : 

"The  Meeting  of  the  Society  for  the  Promotion  of  Engi- 
neering Education  has  been  made  pleasant  and  profitable  by 
the  many  courtesies  extended  by  the  University  oflScials  and 
local  committee,  and  the  Society  takes  this  opportunity  to 
place  on  record  its  appreciation.     Therefore  be  it 

''Resolved,  That  the  thanks  of  the  Society  be  extended  to 
President  Alderman,  Dean  and  Mrs.  Thornton,  Professor  and 
Mrs.  Rodman,  and  other  members  of  the  local  committees  for 
the  admirable  provisions  made  for  the  comfort  and  entertain- 
ment of  the  visiting  members  and  ladies;  to  the  members  of 
the  Colonnade  Club,  who  so  graciously  received  us  in  one  of 
the  classic  halls  of  the  University ;  to  the  University  Y.  M.  C. 
A.  for  the  use  of  Madison  Hall  and  its  equipment ;  to  the  f ra- 
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ternities  for  generously  opening  their  houses  for  the  use  and 
convenience  of  the  members ;  to  the  University  authorities  for 
extending  the  privilege  of  the  University  Commons  to  the 
visiting  members,  and  for  other  courtesies  to  the  success  of 
our  meetings.     Be  it  further 

"Resolved,  That  the  thanks  of  the  Society  be  extended  to  the 
Charlottesville  Country  Club  for  entertainment  and  use  of  its 
clubhouse,  grounds  and  equipment;  to  the  Blue  Ridge  Club 
for  providing  a  luncheon  for  the  visiting  ladies ;  to  Mr.  Jeffer- 
son M.  Levy,  owner  of  Monticello,  for  the  courtesy  of  opening 
the  home  of  Thomas  Jefferson  to  the  inspection  of  the  visiting 
members  and  ladies;  and  to  all  who  have  in  any  way  con- 
tributed to  make  our  visit  to  the  Old  Dominion  State  delight- 
ful, enjoyable  and  most  profitable. ' ' 

The  convention  then  adjourned  sine  die. 

Attendance  at  the  Convention. 

One  hundred  and  forty-seven  members  and  guests  regis- 
tered at  the  convention.  The  names  follow,  those  of  institu- 
tional delegates  and  members  representing  institutions  being 
indicated  by  asterisks:  *W.  H.  Adams,  E.  A.  Alderman,  *F. 

E.  Ayer,  Harry  Barker,  J.  R.  Benton,  *S.  W.  Beyer,  R.  M. 
Bird,  *F.  L.  Bishop,  Mrs.  F.  L.  Bishop,  Master  Bishop,  J.  E. 
Boyd,  H.  W.  Brown,  *W.  R.  Bryans,  F.  C.  Caldwell,  *E.  F. 
Chandler,  *G.  R.  Chatburn,  Mrs.  G.  R.  Chatburn,  E.  F.  Cod- 
dington.*  F.  H.  Constant,  Mrs.  F.  H.  Constant,  Master  Con- 
stant, *C.  L.  Cory,  C.  L.  Crandall,  F.  T.  Dargan,  Mrs.  F.  T. 
Dargan,  Miss  Dargan,  J.  A.  Dent,  Lr.  P.  Dickinson,  L.  A.  Dog- 
gett,  C.  R.  Dooley,  N.  W.  Dougherty,  F.  P.  Dunnington,  Mrs. 

F.  P.  Dunnington,  *S.  B.  Earle,  *W.  Easby,  Jr.,  C.  A.  Ellis, 
Mrs.  C.  A.  Ellis,  J.  T.  Faig,  *J.  H.  Felgar,  F.  A.  Fish,  Des- 
mond FitzGerald,  H.  C.  Forrest,  F.  E.  Foss,  T.  E.  French,  *A. 
H.  Fuller,  R.  W.  Gay,  J.  R.  Giblyn,  H.  H.  Goddard,  *Hollis 
Godfrey,  Mrs.  J.  S.  Grasty,  A.  M.  Greene,  Jr.,  Mrs.  A.  M. 
Greene,  Jr.,  Chas.  Hancock,  L.  H.  Harris,  R.  H.  Harrison,  E. 
F.  Haux,  E.  R.  Hedrick,  W.  A.  Hedrick,  *F.  G.  Higbee,  *H.  L. 
Hodgkins,  *C.  S.  Howe,  L.  G.  Hoxton,  D.  C.  Humphreys,  H. 
S.  Hodge,  D.  C.  Jackson,  *H.  S.  Jacoby,  Mrs.  H.  S.  Jacoby, 
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C.  R.  Joues,  Mrs.  C.  R.  Jones,  C.  TV.  Kent,  Wm.  Kent,  George 
Ketchum,  *M.  S.  Ketelmm,  J.  S.  Lapham,  *J.  H.  Leete,  0.  M. 
Leland,  L.  S.  LeTellier,  J.  M.  Luck,  *E.  J.  McCaustland,  A.  B. 
McDaniel,  A.  L.  McRae,  G.  S.  Macomber,  Mrs.  G.  S.  ^Nlaeomber, 
W.  T.  Magruder,  C.  R.  Mann.  *K.  G.  Matheson.  E.  R.  Maurer, 
Mrs.  E.  R.  Maurer,  Mr.  Maurer,  D.  C.  Miller,  H.  F.  Moore, 
C.  C.  Morris,  J.  L.  Newcomb,  F.  H.  Newell,  E.  J.  Oglesby,  N. 
E.  Oglesby,  T.  W.  Page,  C.  W.  Park,  G.  H.  Pfeif,  H.  S.  Phil- 
brick,  L.  C.  Plant,  Mrs.  L.  C.  Plant,  *A.  A.  Potter,  L.  H.  Rit- 
tenhouse.  Miss  Rizy,  *E.  H.  Rockwell,  Mrs.  E.  H.  Rockwell, 
*W.  S.  Rodman,  Mrs.  W.  S.  Rodman.  A.  L.  Rohrer,  W.  B. 
Russell,  E.  C.  Schmidt,  W.  H.  Schuerman,  Mrs.  W.  H.  Schuer- 
mann,  H.  B.  Shattuck,  Mrs.  H.  B.  Shattuck,  C.  A.  Smith,  Mrs. 

C.  A.  Smith,  T.  R.  Suavely,  F.  P.  Spalding,  C.  M.  Sparrow, 
*D.  W.  Spence,  F.  W.  Sperr,  W.  LeConte  Stevens,  L.  B. 
Taylor,  R.  G.  Thomas,  F.  F.  Thompson,  J.  S.  Thompson,  W. 
M.  Thornton,  Mrs.  W.  M.  Thornton,  *A.  A.  Titsworth,  *J.  L. 
Van  Ornum,  Mrs.  J.  L.  Van  Ornum,  T.  Van  Ornum,  J.  A.  L. 
WaddeU,  *P.  F.  Walker,  T.  L.  Watson,  Mrs.  T.  L.  Watson,  W. 

D.  Weaver,  Willis  Whited,  W.  0.  Wiley,  A.  L.  Williston,  Mrs. 
A.  L.  Williston,  *C.  M.  Wirick,  J.  R.  Withrow,  *A.  J.  Wood, 
A.  W.  Wright. 

MINUTES  OF  COUNCIL  MEETINGS. 

Meetings  of  the  Council  were  held  on  June  19,  20  and  21. 
Members  who  attended  one  or  more  meetings  were:  F.  L. 
Bishop,  G.  R.  Chatburn,  F.  H.  Constant,  C.  L.  Cory,  C.  L. 
Crandall,  A.  H.  Fuller,  A.  M.  Greene,  Jr.,  C.  S.  Howe,  D.  C. 
Jackson,  H.  S.  Jacoby,  M.  S.  Ketchum,  W.  T.  Magruder,  F.  P. 
Spalding,  P.  F.  Walker,  and  W.  0.  AViley. 

A  motion  was  made  by  Dean  Walker  and  seconded  by  Pro- 
fessor Chatburn  that  the  Council  recommend  to  the  Society 
that  in  making  arrangements  for  meetings,  plans  be  made  for 
three  successive  meetings ;  the  first  only  to  be  final,  the  others 
tentative  and  subject  to  revision.     Motion  carried. 
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The  following  budget  of  income  and  expense  for  the  coming 
year  was  reported  by  the  Executive  Committee  and  adopted 
by  the  Council: 

Estimated  Receipts. 

From  back  dues  $1,000.00 

From  current  dues  (individual)    4,700.00 

From  current  dues  (institutional)   560.00 

From  advertising   1 000.00 

From  sale  of  publications 300.00 

Total   $7^56000 

Estimated  Expense. 

■^ — 1916  Virginia  meeting  $   300.00 

B— Proceedings,  Vol.  XXIV 1^300  00 

C-Bulletin,  Vol.  VII 1,'850.00 

D — Committee  expenses 150.00 

E — Treasurer's  honorarium   300.00 

F — Secretary's  honorarium   1,000.00 

G — Assistant  Secretary's  honorarium 600.00 

H — Clerical  assistance 720.00 

I— Sundry  printing   200.00 

J — Postage  and  expressage   300.00 

K — Telephone  and  telegraph   25.00 

L — Office  supplies 100.00 

Total  $6,84K00 

A  motion  was  made  by  Professor  Magruder  that  the  Ex- 
ecutive Committee  appoint  a  Membership  Committee,  whose 
duties  would  be  to  secure  new  members  and  to  prevent  the 
loss  of  members  by  resignations  and  by  non-payment  of  dues. 
A  motion  was  made  by  Dean  Bishop  and  seconded  by  Profes- 
sor Greene  that  the  Constitution  stand  as  it  now  is  and  that  a 
committee  be  appointed  to  draw  up  rules  relating  to  the  oper- 
ation of  the  business  of  the  Society  as  it  has  developed  in  the 
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last  few  years.  This  motion  was  carried.  It  was  moved  and 
carried  that  the  title  of  the  Bulletin  should  be  changed  to 
"Engineering  Education"  with  the  addition  in  small  type  of 
the  words  "Bulletin  of  the  Society  for  the  Promotion  of." 

Council  Letter  Ballots  Taken  During  1915-16. 

October  26,  1915.— Frank  Aydelotte.  Godfrey  Engel.  X.  E. 
Ensign,  ^.  R.  Etherton.  F.  A.  Fetter.  R.  L.  Glass.  J.  ^\^  Hal- 
lock.  J.  S.  Hendry,  D.  F.  McLeod.  E.  J.  Oglesby.  L.  L.  Pat- 
terson, H.  E.  Porter.  H.  B.  Pratt.  K.  W.  Reed,  J.  R.  Sanders, 
J.  B.  Scarborough.  H.  G.  Tyler,  AY.  E.  Wigley,  Junior  College, 
of  Crane  Technical  High  School.     (19) 

November  22.  1915.— R.  J.  Anderson.  A.  R.  Bailev,  G.  E. 
Beggs.  C.  P.  Bliss,  J.  H.  Cannon.  D.  E.  Carpenter.  W.  R. 
Chedsey.  J.  J.  Cox.  Herman  Diederichs.  M.  T.  Fullan.  U.  S. 
Hanna.  W.  A.  Hitchcock.  D.  S.  Kimball.  G.  A.  Koerber.  H.  B. 
Langille.  A.  C.  Lanier,  F.  C.  Moore,  M.  W.  Movie.  E.  W. 
Pehrson.  J.  "W.  Searson,  J.  C.  Penn,  "VT.  F.  Mallory,  L.  H. 
Shattuck,  E.  T.  Browne,  John  Ridout,  G.  "W.  Munro,  Lafayette 
College,  Toledo  University.  L'niversity  of  Colorado.     (29) 

January  10.  1916.— U.  F.  Black.  F.  E.  Cooper.  E.  J.  Ducey, 
Alex.  Grav.  H.  H.  Jordan,  C.  J.  Mackenzie.  E.  S.  McCandliss. 
J.  L.  Merrill.  X.  E.  Oglesby.  C.  AV.  Park,  W.  E.  Stanley,  V.  D. 
Tompkins.  E.  X.  Tucker,  Colorado  School  of  Mines,  University 
of  Vermont.      (15j 

March  17.  1916.— J.  M.  Brouen.  G.  M.  Butler,  Collier  Cobb, 
M.  W.  Davidson.  A.  H.  Forman.  F.  A.  Gould,  E.  F.  Grund- 
hoeffer.  F.  J.  Lewis.  C.  V.  Mann.  J.  L.  Murrie.  J.  C.  Parker, 
E.  A.  Reid,  ^.  M.  Thornton.  I.  F.  Waterman,  C.  A.  Wright. 
(15) 

April  12.  1916.— H.  C.  Berrv.  C.  A.  Ellis.  P.  H.  Graham.  R. 
S.  Hale.  H.  P.  Hammond,  K.  B.  McEachnon.  H.  C.  Rav,  W.  C. 
H.  Slagle,  T.  R.  Snavely,  E.  I.  Staples.  E.  R.  St.  John.     (11) 

May  27.  1916.— .'i.  M.  Coahran.  F.  L.  Carmichael.  A.  P.  Fol- 
well,  F.  E.  Johnson,  G.  T.  Little,  Dana  McComb.  C.  S.  Sale, 
A.  C.  Terrill,  W.  S.  Wolfe,  Agricultural  and  Mechanical  Col- 
lege of  Texas.     (10) 
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MINUTES  OF  THE  MEETINGS  OF  INSTITU- 
TIONAL DELEGATES. 

♦The  first  meeting  of  the  Institutional  delegates  was  held 
Monday  morning,  June  19,  at  11 :00  o  'clock,  with  Vice-Presi- 
dent Chatburn  presiding.  The  first  business  taken  up  was  the 
report  of  this  Committee  published  in  the  June,  1916,  Bul- 
letin. In  order  to  bring  the  question  before  the  Committee, 
it  was  moved  and  seconded  that  the  five  recommendations  of 
the  Committee  as  published  on  page  700  of  that  Bulletin  be 
adopted.  After  discussing  these  recommendations  the  motion 
was  carried. 

The  recommendation  of  the  Committee  with  regard  to  the 
personnel  of  the  Committee  was  next  taken  up.  Professor 
Chatburn  read  the  recommendations  as  it  appeared  on  page 
701  of  the  June,  1916,  Bulletin.  It  was  moved  and  seconded 
that  this  recommendation  be  adopted.  After  discussing  the 
merits  of  the  proposed  amendments  the  question  was  put  to 
the  Committee  and  lost.  The  personnel  of  the  Committee, 
therefore,  stands  as  defined  by  the  rule  adopted  in  1915. 

Professor  Chatburn  then  placed  before  the  Committee  for 
discussion  the  purposes  of  Institutional  Membership.  After 
general  discussion  it  was  moved  and  carried  that  a  sub-com- 
mittee of  three  be  appointed  to  take  up  the  question  of  the 
purposes  of  institutional  membership  and  report  at  a  later 
session  of  this  Committee.  The  members  appointed  were  Hol- 
lis  Godfrey,  A.  A.  Potter  and  J.  L.  Van  Ornum. 

The  next  item  considered  was  the  duties  of  institutional 
delegates  as  printed  on  page  701-702  of  the  June,  1916,  Bul- 
letin. The  first  part  dealing  with  duties  before  the  annual 
meeting  was  adopted  as  printed.  The  second  part  dealing 
with  duties  of  delegates  during  the  annual  meeting  was 
amended  by  striking  out  the  words  "as  an  attorney"  in  the 
last  sentence.  The  third  part  dealing  with  duties  of  delegates 
after  the  annual  meeting  was  then  adopted  as  printed. 

President  Jacoby  moved  that  the  Committee  on  Committees 
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be  requested  to  assign  the  question  of  standardizing  college 
catalogs  to  the  Institutional  Committee  as  a  part  of  its  duties 
for  the  coming  year,  to  report  on  it  at  the  next  annual  meet- 
ing. This  motion  was  seconded  by  Professor  Van  Ornum  and 
carried. 

The  general  meeting  of  the  Society  conducted  by  the  Insti- 
tutional delegates  was  held  at  4:00  P.M.,  Wednesday,  June 
21.  Before  taking  his  place  as  Chairman  of  the  meeting,  Pro- 
fessor Chatburn  was  introduced  as  President  of  the  Society  for 
the  year  1916-17,  by  President  Jacoby.  President  Chatburn 
acknowledged  this  introduction  in  a  few  well-chosen  words. 
After  Dean  P.  F.  Walker  presented  his  paper  "Research  as 
an  Element  of  the  Growth  and  Progress  of  the  School,"  the 
meeting  was  thrown  open  for  discussion. 

TREASURER'S  REPORT. 

Society  for  the  Promotion  op  Exgineering  Education, 

June  16,  1916. 

Trading  Account. 

Dr. 

6/16/15     Inventory     $4,047.50 

Cost  of  publications*   4,472,47 

"8,519,97 
Surplus.     All  Proceedings  previous  to  1901  (except 

31  of  each)  charged  off 825.00 

7,694.97 

Less  inventory  of  6/16/16 3,203.10 

Cost  of  sales   $4,491.87 

$4,49T87 
Cr. 
Sales  of  publications: 

,    To  members  and  non-members    $    342.06 

1/4  of  members '  dues   1,431.50 

3/10  of  institutional  dues  164.25     $1,937.81 

Advertising     1,013.00 

Less  discount   13.12  999.88 

2,937.69 
Balance — Profit  and  loss  account.     Loss  1,554.18 
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Profit  and  Loss  Account. 

Dr. 

Balance — Trading  Account   $1,554.18 

Ames  annual  meeting   247.85 

Committee  expenses    240.28 

Treasurer   honorarium    300.00 

Secretary  honorarium   1,000.00 

Assistant  Secretary  honorarium   600.00 

Secretary  clerical  expensesf    540.00 

Postage  and  expressage   256.16 

Telegraph    38.18 

Office   supplies    56.63 

Virginia   annual   meeting    23.75       4,857.03 

$4,857.03 
Cr. 

Dues,    individual    $4,294.50 

Dues,    institutional    383.25 

Discount   received    23.00 

Interest  on  deposit   12.60 

Exchange     .87     $4,714.22 

Balance — Deficit  for  year   142.81 


$4,857.03 
Balance  Sheet. 

Assets. 

Accounts  Receivable: 

Members, 

Back  dues   $1,216.26 

Current    dues    1,558.26 

Other    items    26.14 

Institutional   dues    105.00 

Non-members    377.73 

A/R  at  Pittsburgh    23.68     $3,307.07 

Cash 

Life  Membership  Fund    397.20 

Lincoln  Trust  Co 860.67 

Secretary's   Office    150.00       1,407.87 

Inventory     '. 3,203.10 

$7,918.04 
Liabilities  and  Surplus. 

Accounts   payable    $2,159.23 

Due  members    88.10 

Due   non-members    4.70     $2,252.03 

Surplus   6/16/15    6,387.60 
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Less — Dues  of  members  dropped  or  resigned  and 

accounts   uncollectable    150.98 

6,236.62 

Less — Proceedings  charged  off  825.00 

5,411.62 

Less— Deficit  for  rear   142.81       5.268.81 

Life  membership    397.20 

$7,918.04 

Comparative  Balance  Sheet. 


Assets. 

1916. 

1915. 

Increase. 

Decrease. 

Accounts  receivable  : 

1,216.26 

1,663.26 

427.55 

860.67 

397.20 

150.00 

3,203.10 

607.72 

1,389.04 

279.90 

654.64 

383.68 

100.00 

4,047.50 

608.54 
274.22 
147.65 

206.03 
13.52 
50.00 

Current  dues  

Advertising  and  publications.... 
Cash: 

Union  Sq.  Savings  Bank 

Secretary' s  ofEce 

Inventory  of  publications 

844.40 

7,918,04 

7,462.48 

■ 

1,299.96 
844.40 

455.56] 

844.40 

LlabUltlea  and  Surplus. 

1916. 

1915. 

Increase. 

Decrease. 

Accounts  payable 

Due  non-members 

2,159.23 

4.70 

88.10 

5,268.81 

397.20 

643.96 

3.50 

43.74 

6,387.60 

383.68 

1,515.27 

1.20 

44.36 

13.  .52 

Due  members 

Su  rplus 

Life  membership 

1,118.79 

7,918.04 

7,462.48 

1,574.35 
1,118.79 

455.56 

1,118.79 

REPORT  OF  SECRETARY. 

I  have  asked  permission  of  the  President  and  of  the  Council 
to  talk  on  the  subject  of  the  Secretary's  report  rather  than  to 
prepare  a  lengthy  document.     There  are  certain  items  per- 

•  Does  not  include  cost  of  Bulletin  for  March,  April,  May  and  June. 
I  Does  not  include  Secretary 's  expenses  from  May  25,  1916,  to  June 
16.  1916. 
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taining  to  the  work  of  the  Secretary  about  which  the  Society 
should  be  thoroughly  informed. 

To  begin  with,  the  membership  of  the  Society  grows  con- 
tinuously and  almost  uniformly.  We  have  added  this  year 
102  names,  up  to  the  time  of  this  meeting.  There  are  several 
yet  to  be  added.  We  have  lost  by  resignations  36,  by  death  4, 
and  for  other  reasons  10,  making  a  net  gain  in  membership  for 
the  year  of  52.     The  total  membership  last  week  was  1,504. 

Most  of  the  resignations  have  been  from  members  of  the 
teaching  profession  who  have  gone  into  commercial  work. 
This  movement  has  been  quite  noticeable  during  the  year. 
Many  of  these  men  retain  with  interest  their  membership  in 
this  Society.  Others,  with  less  breadth  of  view,  think  that  as 
soon  as  they  resign  their  teaching  positions  they  have  given 
up  their  responsibility  as  teachers  and  cease  to  take  an  interest 
in  an  organization  of  this  kind. 

This  Society  has  been'  officially  represented  and  has  taken 
part  in  the  following  meetings  and  activities :  The  annual 
meeting  of  the  American  Institute  of  Mining  Engineers  in  San 
Francisco;  The  Illuminating  Engineering  Society  in  "Wash- 
ington, D.  C. ;  the  Pan  American  Scientific  Congress  in  Wash- 
ington, D.  C. ;  the  inauguration  of  J.  H.  McCracken  as  Presi- 
dent of  Lafayette  College ;  the  Association  of  Urban  Univer- 
sities at  Cincinnati;  the  American  Eoad  Builders  Association 
in  Pittsburgh;  the  Joseph  A.  Holmes  Safety  Association  in 
Washington,  D.  C. ;  the  Society  of  Technical  Secretaries ;  the 
League  to  Enforce  Peace,  American  Branch,  at  Washington, 
D.  C. ;  and  the  Joint  Committee  on  the  Classification  of  Tech- 
nical Literature.  The  work  of  the  Society  has  been  singularly 
recognized  by  the  request  of  the  Secretary  of  the  Na^y,  Hon. 
Josephus  Daniels,  for  a  committee  of  five  from  this  Society  to 
investigate  the  technical  work  of  the  Naval  Academy  at 
Annapolis. 

The  Society  took  up  this  year  the  added  burden  of  com- 
mittee work.  This  has  led  to  a  very  great  increase  in  the 
work  of  the  Secretary's  office.     During  the  year  we  have  sent 
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out  a  total  of  4,123  copies  of  questionnaires.  It  was  necessary 
for  the  Secretary  personally  to  select  the  larger  part  of  the 
mailing  list  in  each  ease,  because  in  practically  no  instance 
did  the  chairman  of  the  committee  supply  the  Secretary  with 
the  needed  mailing  list.  If  any  of  you  have  had  opportunity 
to  study  a  college  catalog,  and  to  try  to  find  out  who  is  re- 
sponsible for  a  certain  work  in  a  given  institution,  you  can 
appreciate  the  dilemma  which  confronted  the  Secretary  in  many 
cases.  In  regard  to  questionnaires  I  have  just  one  thing  to 
say;  and  that  is,  that  the  man  who  is  too  tired,  too  lazy,  or 
lacks  sufficient  interest  to  answer  a  questionnaire  submitted 
by  a  society  of  this  kind  is  not  a  proper  man  to  be  connected 
with  the  work  of  engineering  education. 

One  of  the  incidental  duties  of  the  Secretary  is  to  edit  the 
monthly  Bulletin.  We  have  this  year  edited  806  pages,  not 
including  the  advertising  material,  which  often  needs  con- 
siderable editing.  The  June  Bulletin  contains  133  pages. 
A  large  part  of  it  we  hope  will  appear  in  next  year's  Proceed- 
ings. The  Publication  Committee,  which  is  responsible  for 
the  Bulletin,  must  reduce  the  size  of  the  Bulletin  next  year. 
This  has  necessitated  even  this  year  the  rejection  of  a  number 
of  papers  which  were  excellent.  It  is  a  different  problem  to 
select  the  papers  which  will  be  of  the  most  benefit  and  which 
will  interest  the  greatest  number  of  men  connected  with  the 
Society. 

In  the  year-book  for  the  present  year,  we  made  certain 
changes  in  the  geographical  and  occupational  distribution  of 
the  membership,  in  order  that  we  might  reduce  eventually  the 
cost  of  the  publication  of  that  number.  It  now  costs  about 
twice  as  much  as  any  other  number  of  the  Bulletin.  I  think 
that  with  one  more  change  which  ought  to  be  made  it  can  be 
reduced  hy  about  one  hundred  dollars  in  cost. 

The  Secretary  was  very  glad  to  have  the  Proceedings  ready 
for  publication  and  out  of  the  Secretary's  hands  in  Novem- 
ber, although  it  was  not  placed  in  the  mail  until  somewhat 
later.     There  is  no  reason,  so  far  as  the  Secretary  can  see, 
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why  the  Proceedings  should  not  be  published  as  early  as 
November,  and  possibly  as  early  as  October.  It  requires  the 
hearty  cooperation  of  those  men  who  take  part  in  this  meeting. 

To  go  back  to  the  Bulletin  :  the  title  of  the  Bulletin  is 
"  The  Bulletin  of  the  Society  for  the  Promotion  of  Engineering 
Education."  This  is  somewhat  lengthy.  Men  who  conserve 
their  time  can  hardly  stop  to  give  it  the  full  title.  It  is  too 
long  to  be  put  on  billheads;  and  libraries  always,  or  prac- 
tically always,  address  matter  to  Engineering  Education. 
This  caused  the  Publication  Committee  to  change  the  title  on 
the  outside  cover  during  the  last  three  months  of  the  year, 
printing  only  the  words  "Engineering  Education."  We 
wanted  to  find  out  what  the  members  of  the  Society  thought 
about  it.  The  development  of  the  Bulletin,  or  of  a  magazine 
devoted  to  engineering  education,  is  in  my  opinion  one  of  the 
most  important  duties  which  lies  before  this  Society. 

The  Secretary's  office  has  a  few  other  duties  which  might 
interest  the  Society.  For  instance,  we  distributed  1,175  com- 
munications to  libraries,  in  reference  to  Proceedings  and  other 
publications  of  the  Society.  In  return,  we  received  $328.66, 
being,  I  think,  about  three  times  the  cost  of  sending  out  these 
communications.  We  carried  on  a  campaign  for  membership 
which  resulted  in  approximately  one  hundred  new  members. 
Now,  I  think  the  Secretary  should  be  assisted  by  a  Member- 
ship Committee.  You  know,  no  matter  how  good  a  man  is, 
or  how  good  a  group  of  men  may  be,  eventually  they  exhaust 
all  of  their  originality  pertaining  to  one  subject;  and  how  to 
secure  new  members  is  something  that  exhausts  a  man  in  a 
very  short  time.  I  believe  a  Membership  Committee  would  do 
excellent  work  in  that  respect. 

The  Secretary  attempts  to  keep  the  members,  especially 
the  Council,  informed  of  all  the  work  which  is  being  carried 
on.  It  is,  I  think,  advisable  that  more  communications  of 
various  kinds  be  sent  to  the  members ;  and  that  more  members 
send  communications  to  the  Secretary. 


ADDRESS  OF  WELCOME. 

BY  E.  A.  ALDERMAX, 
President  of  the  Universitv  of  Virginia. 

Mr.  ChairmOfn,  Ladies  and  Gentlemen  of  the  Society  for  the 

Promotion  of  Engineering  Education: 

As  President  of  the  University  of  Virginia.  I  very  heartily 
and  cordially  welcome  you  to  everything  the  university  has 
to  offer  in  the  way  of  interest,  historic,  educational,  social, 
spiritual.    Everything  we  have  is  yours  during  your  stay  here. 

I  am  very  proud  and  very  happy  to  have  this  party  of  men 
meet  here — the  first  time,  I  am  informed,  it  has  ever  met 
south  of  the  historic  liae.  There  is  a  certain  fitness  that  it 
should  have  its  "first  meeting  south  of  that  line  just  here,  I 
think.  One  reason  which  occurs  to  me  was  brought  to  my 
mind  this  morning  by  a  very  charming  letter  I  had  from  the 
head  of  the  Massachusetts  Institute  of  Technology,  reminding 
me  of  what  I  already  knew,  that  this  university  was  the  foster- 
mother  of  that  great  school  of  engineering — through  William 
Barton  Robers,  who  went  from  our  chair  of  physics  to  estab- 
lish that  school.  So  we  have  created  engineering  schools  else- 
where. 

A  second  reason  is  that  of  all  the  states  of  the  South,  per- 
haps it  is  true — and  I  am  not  merely  boasting  in  saying  this — 
that  the  State  of  Virginia  received  the  impact  of  the  most  de- 
structive sort  of  influences  that  followed  the  Civil  "War,  in  the 
nature  of  industrial  and  social  paralysis;  and  that  it  has  in 
the  last  fifty  years  exhibited  a  remarkable  resilience  and 
power  of  recuperation.  It  has  transformed  itself,  as  has  the 
whole  South,  from  a  rather  picturesque,  medieval  agricultur- 
alism  into  a  modem,  democratic  industrialism.  And  much  of 
that  work  has  been  the  work  of  tte  engineer. 

IS 
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I  am  not  an  engineer ;  but  I  have  a  peculiar  and  profound 
respect  for  him  and  for  his  profession.  Somehow  it  is  pos- 
sible for  me  to  conceive  of  a  schoolmaster  as  being  a  muddle- 
headed  schoolmaster.  I  have  seen  some  of  them.  There  are 
even  muddled-headed  preachers;  though  I  hope  there  are  none 
here  to  hear  me,  because  they  can  always  reply  to  you  six  feet 
above  the  possibility  of  a  rejoinder.  There  may  be  muddle- 
headed  members  of  other  professions ;  but  someliow  I  cannot 
conceive  of  an  engineer  who  is  not  a  straight-thinking  man. 
The  profession  and  the  man  seems  to  me  to  combine  ideally. 
The  engineer  must  possess  himself  of  the  ultimate  facts  of  the 
great  basic  sciences  which  men  have  developed  in  this  world  ; 
and  that  process  takes  truth-seeking  and  truth-finding.  Sec- 
ondly, he  must  adjust  the  facts  so  found,  and  relate  them  to 
the  great  problems  of  civilization,  as  it  goes  forward.  So  the 
engineer  to  me  is  not  only  a  seeker  after  truth,  but  rather  of 
human  order  and  society. 

Now,  I  am  not  going  to  welcome  you.     I  am  going  to  ask 
another  man  to  welcome  you.     I  did  not  want  this  occasion  to 
go  by  without  the  very  high  privilege  of  personally  assuring 
you  of  my  happiness  in  your  presence  here.     But  I  do  want 
you  to  be  welcomed  more  intimately  by  the  man  who  a  gen- 
eration ago  had  the  clearness  of  vision,  the  steadfastness  of 
purpose,  to  decide  that  there  should  be  a  real  school  of  engi- 
neering at  this  University,  and  who  for  a  long  time,  wi'th 
utterly  inadequate  equipment,  by  the  strength  of  unusual  abil- 
ity bore  upon  his  broad  shoulders,  without  any  aid,  the  prob- 
lem of  keeping  hope  in  the  body  of  the  School  of  Engineering 
at  the  University  of  Virginia.     And  if  I  have  had  any  one 
single  pleasure  greater  than  another  in  my  term  of  service  at 
this  University,  it  has  been  in  the  direction  of  lending  every 
ounce  of  aid  I  could  to  him  in  the  task  that  he  has  so  hand- 
somely and  far-sightedly  borne,  of  building  for  us  our  School 
of  Engineering.     I  take  pleasure  in  introducing  to  you  the 
dean  of  the  Department  of  Engineering  at  this  University, 
William  Mynn  Thornton. 


ADDRESS  OF  WELCOME. 

BY   W.   M.   THORNTON, 
Dean   of   Engineering,   University   of   Virginia. 

Mr.  President,  Members  of  the  Society  for  the  Promotion  of 
Engineering  Education,  Ladies  and  Gentlemen  : 
The  gracious  words  of  welcome  spoken  by  President  Alder- 
man require  no  reinforcement.  We  Virginians  are  glad  to 
see  you  in  Virginia.  Words  piled  on  words  could  say  no  more. 
Our  special  and  peculiar  desire  for  those  who  come  to  this 
old  commonwealth  and  to  its  chief  seat  of  learning  is  this — 
that  they  should  learn  to  know  its  spirit.  To  those  who  know 
it  there  is  a  certain  winning  charm  even  in  its  outward  aspect. 
The  very  genius  of  the  place  seems  to  bid  them  welcome.  The 
setting  of  our  University  amidst  the  blue  Virginia  hills  utters 
its  salutation.  The  architecture  of  its  buildings — simple, 
quaint,  beautiful,  almost  noble — speaks  in  cordial  tones  to 
men  and  women  who  love  the  quiet  air  of  serene  studies.  And 
the  home  of  our  father  and  founder,  looking  down  from  its 
hilltop  on  the  work  of  his  hands,  still  opens  its  gates  with  be- 
nignant hospitality  to  neighbors  and  strangers  alike  as  though 
the  Sage  of  Monticello  dwelt  today  amidst  the  scenes  endeared 
to  him  by  all  the  tender  ties  of  memory  and  love  of  faith. 

Several  years  ago  my  wife  received  a  letter  from  a  corre- 
spondent in  England  commending  to  her  care  a  very  charm- 
ing and  cultured  Gei'man  lady,  who  came  to  America  to  be 
governess  of  the  children  in  a  wealthy  Pennsylvanian  family. 
We  invited  the  fraulein  to  visit  us,  and  after  breakfast  on  the 
morning  following  her  arrival  I  stood  with  her  on  the  lawn  in 
front  of  my  house  and  pointed  out  to  her  the  then  visible  height 
of  Monticello.  ' '  That, ' '  I  said,  ' '  is  Thomas  Jefferson 's  home. ' ' 
For  a  moment  she  hesitated,  then  risked  the  question  "Does 

20 


ADDKESS  OF  WELCOME.  21 

he  live  there  still?"  This  question  from  the  would-be  gov- 
erness of  young  Americans.  I  had  to  explain,  of  course,  that 
the  Jefferson  of  whom  I  spoke  had  long  been  dead,  and  that 
only  his  ashes  consecrated  the  Mecca  of  American  Democracy. 
But  I  have  often  felt  that  her  naive  question  might  have  de- 
served another  reply  and  that  in  a  very  high  and  true  sense, 
Thomas  Jefferson  lives  here  still. 

Some  one  has  quoted  of  this  university  the  pregnant  phrase 
of  Emerson,  ''An  institution  is  the  lengthened  shadow  of  a 
man."  You  will  find  Thomas  Jefferson's  shadow  projected 
all  across  the  ninety  years  of  its  active  history  and  stretching 
forth  into  its  future.  Most  versatile  of  aU  our  publicists- 
farmer,  architect,  engineer,  naturalist,  lawyer,  statesman,  di- 
plomatist, politician— he  was  also  a  profound  student  of  edu- 
cation. His  reflections  on  this  theme  led  him  to  certain  con- 
elusions  so  novel  that  for  his  time  they  would  have  been 
thought  revolutionary.  Too  wise  to  embody  them  in  a  con- 
stitution or  a  code,  he  went  more  cannily  to  work. 

Believing  in  student  self-government,  he  erected  a  group  of 
buildings  over  which  effectual  espionage  was  impossible.  It 
became  necessary  to  trust  the  students.  Self-government 
under  our  so-called  Honor  System  was  the  inevitable  outcome. 
Believing  in  the  free  election  of  studies  he  subdivided  the 
field  of  scholarship  into  great  province  with  natural  boundary 
lines  (as  law,  medicine,  ancient  languages,  natural  philos- 
ophy). Over  each  he  placed  one  head  professor,  who  selected 
his  own  aides.  The  student  was  free  to  enter  any  one  of  these 
so-called  Schools.  Thereafter  his  work  was  directed  by  the 
professor  of  the  school. 

Believing  in  a  relation  between  professor  and  pupil,  founded 
not  on  fear  but  on  mutual  confidences  and  respect,  he  took 
away  from  his  faculty  all  police  power,  made  their  disciplinary 
functions  purely  monitory,  and  thus  rendered  inevitable  fac- 
ulty government  ly  influence  and  not  by  authority. 

In  the  main,  barring  the  natural  infirmities  of  academic 
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foolishness,  these  ideas  prevail  in  Virginia  today.  Thomas 
Jefferson  lives  here  still. 

In  the  ninety  years  which  has  intervened  since  July  4,  1826, 
these  educational  axioms  have  become  in  large  measure  the 
common  property  of  American  universities.  Ninety  years  ago 
they  were  the  ideas  of  a  revolutionist  and  even  in  Jefferson's 
native  state  were  anathema  maranatha  to  many  sincere  souls. 
Many  decades  passed  before  Brown  first  and  then  Harvard 
borrowed  from  us  the  elective  system,  exploited  it  as  a  dis- 
covery of  their  own,  and  transformed  it  into  that  elective 
chaos  with  which  we  are  all  familiar.  Many  more  decades 
were  to  pass  before  Princeton  under  the  urgency  of  one  of  our 
own  alumni.  Professor  Woodrow  Wilson,  borrowed  from  us  in 
a  mitigated  form,  the  Honor  System  and  patiently  suffered  the 
newspaper  reporters  to  give  it  enviable  publicity  as  the  Prince- 
ton System.  Today  we  await  the  happy  hour  when  some  other 
great  American  university  will  borrow  from  us  the  conception 
of  the  government  of  students  by  influence  and  show  us  how 
it  really  ought  to  be  worked. 

It  is  not  simply  as  a  great  educational  reformer  that  we 
would  have  you  regard  Thomas  Jefferson.  "We  desire  you 
rather  to  think  of  him  on  more  human  sides,  as  we  Virginians 
find  ourselves  thinking  of  him. 

As  the  son  of  a  Virginian  farmer,  old  Peter  Jefferson  of 
Shadwell,  growing  up  on  his  father's  plantation,  riding  after 
the  hounds,  hunting  birds  and  wild  turkeys,  studying  Latin 
and  Greek  with  the  Episcopal  parson  of  his  parish  church — 
a  country  boy  keen  about  all  the  wholesome  sports  of  country 
life. 

As  a  young  collegian  at  William  and  Mary,  where  he  learned 
to  love  scientific  studies  even  better  than  the  humanities ;  yet 
finding  time  for  his  violin  for  musical  evenings  in  the  drawing 
room  of  the  Colonial  Governor  Fauquier  and  for  stimulating 
converse  of  the  colonial  statesmen  who  gathered  around  Fau- 
quier's hospitable  mahogany;  finding  also  time  and  money  to 
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keep  a  race  liorse  or  two,  and  to  enter  them  on  the  Williams- 
burg tracks. 

As  a  young  lawyer,  trained  in  the  offices  of  the  greatest  of 
the  Virginian  jurists,  Chancellor  Wythe;  giving  five  earnest 
years  to  the  energetic  study  of  his  chosen  profession ;  and  then 
stepping  straight  into  one  of  the  most  lucrative  practices  in 
the  Virginia  courts. 

As  a  lover,  wooing  the  beautiful  widow  who  afterwards  be- 
came his  wife  with  the  music  of  his  violin  as  well  as  with  the 
soft  sophistries  of  his  nimble  tongue;  as  a  father  adored 
equally  by  his  enamoured  spouse  and  his  devoted  children ;  as 
a  brother  of  rarest  loyalty  and  tenderness  and  fidelity;  as  a 
friend  with  whom  the  bond  of  friendship  stretched  far  beyond 
the  chill  oblivion  of  the  grave. 

As  a  home  builder,  who  reared  on  the  hilltop  chosen  in  his 
early  manhood,  that  lovely  model  of  our  colonial  architecture 
which  even  in  this  day  of  domestic  palaces  makes  to  every  eye 
its  intimate  and  unforgetable  appeal. 

In  my  early  days  at  this  school  I  met  an  old  gentleman  who, 
as  a  lad,  had  known  Jefferson,  then  nearing  eighty  years,  and 
had  often  watched  the  old  man's  still  erect  and  supple  figure 
as  he  rode  by  on  his  way  from  Monticello  to  scan  the  rising 
walls  of  his  infant  university.  I  remember  still  the  thrill  I 
felt  when  my  old  friend  spoke  of  "Mister  Jefferson."  It  is 
thus  that  we  Virginians  love  to  think  of  him.  It  is  thus  that 
we  should  love  you  to  think  of  him.  As  the  kind  neighbor 
and  the  tender  husband  and  the  devoted  father  and  the  loyal 
friend;  rather  than  as  the  dauntless  patriot,  the  far-seeing 
statesman,  the  matchless  party-leader,  the  most  powerful  of 
American  presidents.  Thomas  Jefferson  had  a  genius  for 
statecraft,  a  genius  for  politics,  a  genius  for  architecture ;  but 
above  all  these  I  rank  his  genius  for  friendship  and  his  genius 
for  domestic  love.  The  one  has  seemed  to  me  the  secret  of  his 
primacy  in  public  affairs;  and  when  you  visit  his  home  per- 
haps you  will  find  in  the  other  the  secret  of  the  abiding  charm 
of  Monticello. 
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One  point  as  to  Jefferson 's  plans  of  university  organization 
may  be  of  special  interest  to  this  audience.  There  was  a  ninth 
school  which  he  wished  to  incorporate  into  his  plan  of  eight — 
a  school  parallel  with  those  of  law  and  medicine — what  he 
called  the  School  of  Civil  Architecture.  The  name  was  chosen 
to  distinguish  it  from  what  he  would  have  called  military 
engineering.  Our  present  School  of  Engineering,  established 
only  after  many  years,  fills  the  gap  left  empty  because  of  Jef- 
ferson's narrow  means.  It  was  not  unnatural  for  us  to  treat 
this  as  a  purelj^  professional  school  just  as  we  had  treated  law, 
just  as  we  had  treated  medicine,  and  to  make  no  provision  in 
it  for  the  so-called  humanities.  Many  of  our  friends  have 
brought  in  question  the  wisdom  of  our  plan ;  have  doubted 
whether  we  were  wise  in  this  to  follow  Jefferson. 

It  would  be  too  long  here  to  argue  the  case.  I  have  to  con- 
fess that  we  are  in  a  small  minority.  The  great  mass  of  the 
American  schools  of  engineering  have  decided  against  our 
plan.  Yet  when  I  read  the  searching  criticisms  of  the  pro- 
fessional journals  on  the  failure  of  the  majority  plan;  the 
caustic  comments  of  the  leaders  of  our  profession  on  the  illi- 
teracy of  engineers ;  the  earnest  admonitions  addressed  to  our 
colleges  on  the  inadequacy  of  their  engineering  graduates 
either  to  write  with  clearness  or  to  speak  with  force,  my  con- 
fidence in  the  wisdom  of  the  majority  plan  is  rudely  shaken. 
I  look  then  to  our  law  school  in  which  the  students  are  trained 
in  oral  discussion  of  legal  problems,  in  preparation  of  written 
briefs,  and  in  the  technique  of  public  speaking ;  whose  gradu- 
ates easily  and  swiftly  press  forward  to  the  front  ranks  of  the 
legal  profession  and  to  the  high  seats  of  political  life ;  and  I 
ask  myself  whether  legal  studies  have  higher  cultural  value 
than  scientific  studies.  I  look  to  the  graduates  of  our  own 
medical  school,  find  the  story  of  their  training  here  and  their 
success  abroad  equally  inspiriting,  and  ask  myself  whether 
medical  studies  excel  in  cultural  value  the  studies  of  the  young 
engineer.  The  only  answer  I  have  so  far  found  myself  able  to 
give  is  NO.     If  the  graduates  of  our  engineering  schools  are 
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justly  charged  with  impotence  of  tongue  or  pen,  the  cause 
must  be  laid  at  the  door  of  the  professors  of  engineering,  not 
at  the  door  of  the  topics  of  instruction. 

There  is,  I  am  persuaded  as  much  cultural  value  in  a  care- 
fully studied  and  conscientiously  prepared  report  on  an  engi- 
neering project  as  in  any  legal  brief  or  medical  essay.  The 
very  history  of  engineering  is  full  of  romance,  full  of  interest, 
full  of  inspiration.  We  who  present  our  topics  so  languidly, 
so  aridly,  so  nakedly  are  at  fault.  Let  us  use  our  own  ma- 
terials adequately  and  we  shall  not  need  those  weak  broths  of 
English  literature,  those  tenuous  emulsions  of  political  his- 
tory, those  dry-as-dust  post  toasties  of  economies,  which  are 
dished  out  to  young  engineers  as  fruits  from  the  tree  of  life. 
Until  I  see  better  results  from  the  conventional  methods  I 
shall  doubt  the  nutritive  value  of  these  breakfast  foods  of  the 
technological  banquet. 

And  now  a  brief  word  of  apology.  If  you  overhear  one  of 
our  people  talking  to  himself  and  saying  that  here  was  founded 
the  first  true  American  university;  or  that  the  honor  system 
and  the  elective  system  and  student  self-government  originated 
here;  you  must  forgive  him,  even  if  you  do  not  agree  with 
him.  For  there  are  lots  of  us  old  Virginians  who  believe  that 
a  certain  wise  man  named  Thomas  Jefferson,  once  lived  here 
and  that  he  still  lives  here.  I  hear  him  now;  as  I  read  the 
morning  Telegram  the  echo  of  his  voice  comes  back  to  me : 

' '  Peace  is  our  passion ;  wrongs  might  drive  us  from  it ;  but 
we  prefer  trying  every  other  just  principle  before  we  would 
recur  to  war." 

I  see  him  now  looking  with  grave  prophetic  eyes  into  the 
future ;  full  of  a  noble  and  tender  faith  that  error  had  no  real 
chance  against  truth,  provided  truth  and  freedom  were  allied 
to  combat  it ;  full  of  a  reverent  trust  that  the  great  power  that 
had  guarded  his  people  in  the  past  would  guide  and  uphold 
them  forever. 


RESPONSE  ON  BEHALF  OF  THE  SOCIETY. 

BY  HENEY  S.  JACOBY, 
President  of  the  Society. 

President  Alderman  and  Dean  Thornton:  It  Ls  a  genuine 
pleasure,  in  behalf  of  the  Society,  to  respond  to  the  cordial 
and  generous  welcome  which  you  have  just  extended  to  us. 
"We  were  glad  to  receive  your  in%-itation  and  to  accept  it;  to 
come  to  the  Southland  and  to  the  Old  Dominion  state  with  its 
rich  historic  associations,  and  which  has  given  birth  to  so 
many  noble  patriots,  statesmen,  and  scholars.  We  rejoice  to 
be  the  guests  of  the  University  of  Virginia,  whose  honorable 
history,  scholarly  achievement,  and  lofty  spirit  of  honor  have 
had  such  a  beneficent  influence.  It  will  be  a  delight  to  go 
about  your  campus,  where  classic  architecture  is  such  a  domi- 
nant feature,  and  where  the  fragrant  memory  of  its  unique 
Founder  abides.  It  is  gratifying  to  note  that,  in  response  to 
modem  needs  and  the  growing  spirit  of  service  to  the  state,  the 
School  of  Engineering  was  added,  and  that  it  is  housed  in 
close  proximity  to  the  halls  where  ancient  languages  and  the 
humanities  are  taught. 

Our  Society  is  completing  the  twenty-third  year  of  its  life. 
Its  proceedings  and  bulletins  now  occupy  a  little  over  five 
feet  on  a  book-shelf.  In  modifying  its  methods  of  activity  by 
a  reorganization  and  extension  of  systematic  committee  work, 
the  Society  hopes  to  renew  its  youth  and  to  bear  aloft  an  ideal 
of  more  helpful  service  to  its  members  and  to  the  engineering 
colleges  of  our  country. 

"We  believed  that  we  would  be  welcome  guests;  now  we 
know  it.  I  am  sure  that  all  the  visiting  members  of  the  So- 
ciety will  deeply  appreciate  your  kind  hospitality.  We  thank 
3'ou  most  sincerely. 
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Presidential  Address. 

HENEY  S.  JACOBY, 

Professor  of  Bridge  Engineering,  Cornell  University. 

President  of  the  Society  for  the  Promotion  of  Engineering  Education. 

One  of  the  duties  of  the  President  of  the  Society,  according 
to  custom,  is  to  deliver  an  address  at  the  annual  meeting  upon 
some  subject  relating  to  engineering  education.  In  trying  to 
decide  upon  the  topics  to  be  considered  upon  this  occasion,  it 
was  recalled  that  progress  in  engineering  in  recent  years  has 
been  due  in  considerable  measure  to  greater  attention  to  details. 
Details  which  are  now  designed  with  the  same  care  as  the 
main  members  of  a  structure  or  machine,  were  formerly  re- 
garded as  unworthy  of  serious  study. 

It  has  been  possible  to  construct  derricks,  for  example,  of 
much  larger  capacity,  by  designing  the  connections  of  mem- 
bers so  as  to  eliminate  bending  stresses  due  to  eccentricity. 
Economy  both  in  first  cost  and  maintenance  as  well  as  safety 
were  thus  secured  by  substituting  direct  tension  or  compres- 
sion for  flexural  stresses.  A  generation  ago,  bridges  were 
erected  by  experienced  contractors  who  carried  on  their  work 
mainly  by  exercising  their  judgment,  and  strengthening  the 
falsework  in  parts  which  were  observed  to  be  weak  in  previous 
cases.  This  method  of  construction  by  trial  proved  unequal 
to  the  demands  of  modern  progress,  accidents  became  more 
frequent,  and  the  foremost  erecting  contractors  lost  their  lives. 

The  plan  was  next  adopted  of  designing  the  falsework,  as 
well  as  the  erecting  appliances  and  methods,  in  advance  of 
erection,  with  the  same  care  which  is  applied  to  the  design  of 
the  bridge  superstructure  itself.  By  thus  laying  out  a  com- 
plete plan  of  procedure  and  designing  every  detail  of  struc- 
ture or  equipment,  it  is  possible  today  to  erect  structures  of 
enormous  magnitude  in  a  satisfactory  manner.    By  designing 
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is  meant  the  application  of  the  laws  of  mechanics  and  of  other 
sciences  to  determining  the  form  and  proportion  of  every  part, 
in  addition  to  selecting  the  kind  of  material  to  be  used. 

Progress  in  engineering  education  depends  upon  the  science 
and  art  of  teaching,  and  it  may  be  profitable  to  consider  the 
more  thorough  application  of  this  science  to  some  details  of 
the  teaching  process.  It  is  hoped  that  the  treatment  of  these 
topics  may  prove  to  be  of  especial  value  to  the  younger  teach- 
ers in  engineering  colleges. 

Diagrams  are  an  important  aid  in  teaching  by  appealing  to 
the  mind  through  the  eye.  The  relations  between  given  data, 
or  the  variations  of  quantities  under  changing  conditions 
may  thus  be  grasped  in  a  more  comprehensive  manner.  A 
diagrammatic  representation  often  simplifies  what  otherwise 
appears  to  be  complicated.  The  value  of  graphic  methods  is 
now  so  generally  recognized  that  a  large  volume  has  recently 
been  published  for  those  who  are  engaged  in  commercial  or 
industrial  pursuits. 

Diagrams  may  become  so  familiar  to  the  teacher  that  he 
takes  for  granted  that  the  student  comprehends  their  full 
significance.  A  failure  to  test  this  matter  involves  real  loss 
to  the  student.  It  is  a  most  valuable  exercise  to  require  him 
to  express  in  words  the  relations  which  are  indicated  by  the 
diagram.  It  is  not  always  sufficient  that  he  understand  the 
mode  of  its  construction. 

Since  diagrams  are  increasingly  employed  in  designing  in 
place  of  formulas  with  several  variable  factors  dependent 
upon  one  another,  it  is  desirable  that  the  student  should 
learn  how  to  use  them.  The  object  is  not  primarily  to  acquire 
skill  in  their  use,  but  to  study  the  relative  influence  of  the 
different  factors  upon  the  result,  and  what  degrees  of  pre- 
cision are  required. 

Mathematical  equations  also  express  relations  in  a  very  com- 
pact form.  And  herein  lies  a  real  difficulty  to  the  student,  which 
often  leads  to  lack  of  clearness,  definiteness,  and  reality.  Is 
it  not  true  that  the  reason  why  students  sometimes  misinter- 


SOME    DETAILS    IN    ENGINEEKING   EDUCATION.  29 

pret  and  misapply  formulas  or  equations  is  that  they  have 
not  been  required  to  express  in  words  the  meaning  of  such 
equations,  or  the  laws  expressed  by  them,  just  as  accurately 
as  ordinary  human  language  permits?  Would  not  this  prac- 
tice, if  adopted,  contribute  immensely  to  clear  thinking,  and 
perhaps  help  to  make  his  mathematics  a  more  available  and 
useful  tool  ? 

Engineering  teachers  recognize  the  value  of  problems  in 
teaching  most  of  the  courses  as  never  before,  and  hence  their 
use  is  steadily  increasing.  Problems  are  used  not  only  in  the 
class  room  but  are  assigned  for  solution  outside  and  returned 
in  the  form  of  reports.  Problems  are  valuable  for  other  rea- 
sons than  to  show  how  a  given  principle  or  law  may  be  ap- 
plied. The  solution  of  different  problems  involving  the  same 
principle  will  not  only  show  the  scope  of  its  application,  pro- 
vided the  problems  are  wisely  selected,  but  will  often  afford 
additional  light  on  the  nature  of  the  principle  itself.  In  no 
other  way  can  the  fundamentals  of  engineering  science  be  so 
firmly  fixed  in  mind. 

In  view  of  the  important  function  of  the  solution  of  prob- 
lems, especial  care  and  ample  time  should  be  taken  in  their 
preparation.  As  far  as  possible,  they  should  be  practical  in 
character,  thus  enlisting  the  personal  interest  of  the  student, 
and  incidentally  making  him  familiar  with  the  magnitude  of 
loads,  dimensions,  forces,  velocities,  etc.,  which  are  in  current 
use  in  professional  practice  relating  to  the  subject  being 
studied.  The  proper  selection  of  problems  calls  for  experi- 
ence and  good  judgment,  and  hence  the  responsible  heads  of 
departments  should  recognize  this  task  as  worthy  of  their 
best  efforts,  and  not  delegate  it  wholly  to  young  instructors. 
If  problems  for  a  given  course  of  instruction  do  not  form  a 
part  of  the  equipment  of  a  department  it  naturally  follows 
that  the  students  will  suffer  through  less  effective  class  work 
while  a  new  and  inexperienced  instructor  develops  his  own 
set  of  problems.  How  long  would  it  take  for  a  new  teacher 
with  the  rank  of  instructor  to  prepare,  for  example,  a  set  of 
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problems  in  mechanics  or  hydraulics,  or  bridge  stresses  that 
is  worthy  of  the  name  ? 

When  used  in  connection  with  recitations,  especial  caution 
should  be  exercised  that  each  problem  is  so  limited  in  its 
^cope  that  it  can  be  solved  ordinarily  during  the  half-hour  or 
more  which  is  available  for  the  purpose.  A  long  problem  for 
which  time  permits  only  a  partial  solution  tends  to  discourage 
the  student,  rather  than  to  help  him.  A  group  of  typical 
problems  which  practically  cover  the  lesson  for  the  day  may 
be  so  arranged  at  the  blackboard  that  the  recitations  will  be 
sure  to  include  them  even  if  some  of  the  other  problems  which 
are  similar  but  have  different  data  may  not  be  reached  within 
the  period. 

The  test  of  experience  will  show  which  problems  are  worthy 
of  being  retained  in  use  for  some  years,  and  which  ones  need 
early  re"sdsion  or  replacement.  "WhUe  minor  revisions  may 
be  made  annually,  it  is  more  likely  that  a  course  will  be  kept 
up  to  date  if  more  radical  revisions,  by  substituting  many  new 
problems,  be  made  at  longer  intervals,  each  course  in  a  de- 
partment receiving  thorough  treatment  in  turn. 

The  advantage  of  preparing  problems  in  advance,  with 
painstaking  care  in  selecting  and  framing  them,  has  an  inter- 
esting counterpart  in  the  practice  of  reinforced-concrete  build- 
ing construction.  An  experienced  engineer-contractor  said 
that  some  years  ago,  when  the  foreman  and  carpenters  used 
to  plan  the  timber  forms  during  actual  construction,  the  forms 
for  columns  used  to  cost  eighteen  cents  per  square  foot,  and 
the  forms  for  floors  twelve  cents.  At  present,  much  time  is 
spent  in  the  office  in  making  detailed  plans  before  construc- 
tion is  commenced.  These  plans  may  cost  two  tenths  of  a  cent 
per  square  foot  of  form  work.  Now  if  the  cost  of  labor  for 
forms  runs  over  one  third  of  what  it  used  to  be,  an  investiga- 
tion is  in  order  to  know  the  reason  why  the  cost  is  so  high. 
The  teacher's  work  is  not  expressed  directly  in  dollars,  but 
saving  time  and  getting  better  results  for  the  student  have 
a  real  money  value. 
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If  teaching  is  to  be  efficient,  the  element  of  time  deserves 
especial  consideration.  Much  time  can  be  saved  if  all  prob- 
lems are  written  on  cards,  thus  avoiding  the  necessity  for 
oral  instructions.  If  the  first  work  of  the  period  is  at  the 
blackboard,  it  wiU  encourage  promptness,  if  a  definite  time 
limit  is  set  for  the  recitations  to  follow.  To  save  time  during 
recitations  means  must  be  adopted  by  which  errors  are  quickly 
detected,  that  especial  attention  may  be  given  to  the  essential 
part  of  a  problem  which  the  student  fails  to  understand. 
This  can  be  accomplished  by  data  suitably  arranged  in  the 
hands  of  the  teacher.  A  good  instructor  desires  to  be  of  the 
largest  service  to  as  many  members  of  the  class  as  possible 
during  the  limited  period  available.  Other  things  being  equal, 
it  may  be  laid  down  as  a  general  principle  that  the  extent  and 
value  of  his  service  is  directly  proportional  to  the  time  and 
effort  expended  in  advance  of  the  lesson  period. 

In  class  exercises  conducted  by  questioning  where  students 
are  expected  to  state  facts  or  principles,  describe  methods, 
structures,  equipment,  or  construction,  etc.,  written  questions 
on  cards  are  found  by  experience  to  save  considerable  time, 
secure  better  responses,  and  maintain  greater  interest  on  the 
part  of  both  students  and  instructor.     The  teacher  can  take 
more  time  to  frame  the  questions,  making  them  clear,  definite, 
and  properly  limited  in  scope.     Oral  questions  are  not  entirely 
eliminated,  but  they  become  secondary  in  importance,  and 
leave  the  instructor  usually  free  from  the  handicap  of  refer- 
ring to  a  text-book  in  class.    The  art  of  questioning  is  essential 
to  good  teaching  and  deserves  most  careful  study  and  practice. 
Another  method  of  saving  time  is  to  print  lesson  assign- 
ments and  any  other  directions  that  may  be  required  to  cover 
the  work  of  the  course  and  thus  reduce  oral  directions  to  a 
minimum  during  class  exercises  of  aU  kinds.     The  absentee 
cannot  plead  ignorance  of  the  work  which  is  to  follow  the 
date  of  his  absence.     To  conserve  the  time  of  both  student 
and  teacher  for  the  real  purpose  of  teaching  is  demanded  by 
good  business  administration.    In  the  computing  or  drafting 


32  SOME    DETAILS    IN    ENGINEERING    EDUCATION. 

room,  time  may  be  saved  by  having  available  for  convenient 
reference,  drawings  or  other  illustrations  and  thus  reduce  the 
amount  of  sketching  and  explanation  otherwise  required  of 
the  teacher. 

The  method  of  handling  such  details  is  emphasized  not  for 
the  purpose  of  standardizing  instruction,  but  in  order  that  the 
mechanical  details  relating  to  the  work  of  both  teacher  and 
student  shall  not  take  so  much  time  and  attention  as  to  reduce 
materially  the  more  vital  matters  involved  in  education. 

It  is  most  earnestly  urged  that  every  teacher  should  apply 
the  scientific  method  to  his  teaching  practice,  as  well  as  to  the 
contents  of  the  courses  which  he  gives.  Since  all  subjects 
cannot  be  most  effectively  taught  in  the  same  way,  the  best 
method  in  each  case  can  usually  be  discovered  only  by  trying 
experiments  with  different  methods,  the  change  not  being  too 
radical  at  one  time,  unless  the  proposed  method  has  been 
tested  already  by  the  experience  of  others,  and  proved  suc- 
cessful. What  has  just  been  said  with  respect  to  the  method 
of  instruction  applies  also  to  the  contents  of  a  course.  It  is 
very  instructive  to  study  the  effect  of  minor  changes  in  con- 
tent. Many  a  course  is  improved  by  cutting  out  some  of  the 
material  and  teaching  the  balance  more  thoroughly. 

Thoroughness  is  also  needed  in  examining  written  reports 
in  order  that  any  failure  to  apply  a  principle  correctly  or  to 
use  a  given  method  under  proper  conditions  may  not  fail  to 
be  detected.  Such  a  failure,  if  uncorrected,  will  affect  work 
in  later  reports,  and  thus  waste  some  time  for  both  student 
and  teacher,  if  no  more  serious  error  follows  in  its  train.  The 
practice  of  fixing  dates  when  reports  are  due  is  calculated  to 
encourage  habits  of  industry  and  promptness.  The  student 
has  a  right  to  expect  that  the  course  is  so  planned  in  advance 
that  if  each  report  is  completed  on  the  given  date  the  work 
will  proceed  practically  at  a  uniform  rate  throughout  the 
term. 

It  is  well  to  keep  in  mind  that  the  most  careful  preparation 
by  able  teachers  and  the  application  of  the  best  methods  of 
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instruction  adapted  to  the  respective  courses  may  fail  to  secure 
satisfactory  results  with  some  students,  because  of  various 
hindrances  or  adverse  conditions.  Apart  from  the  more  gen- 
erally recognized  difficulties  due  to  a  lack  of  active  coopera- 
tion by  the  student,  there  are  conditions  like  the  following : 
A  father  wanted  his  son  to  study  mechanical  engineering, 
although  the  son  was  anxious  to  study  agriculture  and  then 
return  to  the  west  to  manage  a  ranch ;  another  father  insisted 
that  his  son  take  a  course  in  civil  engiueering,  while  he  wished 
to  take  mechanical  engineering ;  an  uncle  who  is  an  electrical 
engineer,  prevailed  upon  his  nephew  to  enter  a  college  of  civil 
engineering,  although  he  wanted  to  take  an  arts  course  with 
electives  in  finance,  with  a  view  to  banking  as  a  career.  These 
students  were  deprived  of  the  joy  of  work  which  more  nat- 
urally follows  the  exercise  of  their  own  free  choice  of  a  course 
of  study.  At  the  same  time,  their  enforced  half-heartedness 
reacted  unfavorably  upon  the  effectiveness  of  teachers  and 
fellow  students  with  whom  they  were  associated. 

To  what  extent  the  increasing  complexity  of  student  life 
reduces  the  strictly  educational  work  of  technical  colleges  is 
a  subject  that  merits  thorough  investigation  and  discussion. 
Time  permits  only  a  brief  reference  to  it.  The  students  who 
are  active  in  athletics  not  only  have  to  devote  the  required 
time  for  training,  but  find  it  difficult  to  secure  the  necessary 
time  for  study  owing  to  frequent  interruptions  by  others  who 
want  to  discuss  athletic  affairs  with  them  for  their  own  grati- 
fication. Athletics,  however,  form  only  a  small  part  of  "stu- 
dent activities.  The  competitions  for  numerous  positions  of 
honor,  trust,  or  profit  in  student  affairs  make  heavy  demands 
upon  the  time  and  energy  of  all  the  participants.  Social 
events  seem  to  be  growing  more  numerous  and  elaborate.  The 
number  of  student  organizations  for  a  great  variety  of  pur- 
poses is  constantly  increasing.  This  trend  is  due  to  influ- 
ences outside  of  college  life,  as  well  as  to  those  within  it.  The 
publicity  given  to  such  aff'airs  serves  to  magnify  them  in  the 
minds  of  young  people  as  well  as  of  their  parents.    Cases  have 
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been  cited  where  fathers  express  surprise  that  merely  scho- 
lastic attainments  shall  be  considered  in  determining  whether 
a  son  may  remain  in  college  or  not.  Student  activities  aid 
materially  in  the  study  of  human  nature,,  and  have  other  use- 
ful functions,  but  they  need  to  be  kept  within  proper  limits 
and  subordinated  to  educational  interests.  It  is  not  intended 
to  imply  that  conditions  are  worse  in  engineering  colleges 
than*  in  others.  It  is  generally  conceded  that  throughout  the 
country  engineering  students  work  harder  than  those  of  other 
colleges. 

In  view  of  the  responsible  work  of  the  teacher  which  in- 
cludes a  thorough  knowledge  of  the  subject,  a  knowledge  of 
human  nature,  as  represented  by  students,  and  a  knowledge 
of  the  science  and  art  of  teaching,  it  seems  unfortunate  that 
financial  considerations  in  administration  require  so  large  a 
proportion  of  teachers  of  engineering  to  be  of  the  rank  of 
instructor.  Every  teacher  should  preferably  have  some  pro- 
fessional experience,  in  order  that  he  may  learn  where  to 
place  the  emphasis  in  teaching,  or  to  distinguish  between  what 
is  of  primary  and  of  secondary  importance,  between  essentials 
and  non-essentials. 

Since  instructors  are  appointed  annually  in  most  cases,  and 
their  tenure  of  office  is  uncertain,  they  cannot  reasonably  be 
expected  to  plan  their  work  of  instruction  as  far  in  advance 
as  those  of  higher  grade.  Some  time  is  needed  for  advanced 
study,  or  for  investigation,  for  it  must  be  remembered  that 
unless  a  teacher  grows  intellectually  himself,  he  can  neither 
inspire  his  students,  nor  maintain  adequate  enthusiasm  in  his 
work. 

Generally,  they  begin  their  work  as  teachers  without  having 
previously  taken  courses  in  psj'chology  and  pedagogy.  After- 
wards, it  is  regarded  as  more  important  to  devote  whatever 
time  is  available  in  vacations  to  securing  additional  engineer- 
ing practice.  The  subjects  to  be  taught  require  so  much 
study  that  books  on  education  are  neglected.  Many  instruc- 
tors carry  on  work  for  an  advanced  degree  as  a  means  to  pro- 
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motion  if  it  is  hoped  to  continue  teaching,  or  to  make  use  of 
library  and  laboratory  facilities  while  they  are  available  be- 
fore returning  to  practice. 

Employment  is  accepted  during  vacations  which  is  often 
not  so  desirable  as  technical  experience,  on  account  of  a  larger 
financial  return,  which  is  imperatively  needed.  When  an  in- 
stitution is  unable  to  pay  a  fair  salary  to  an  instructor,  a 
special  effort  should  be  made  to  afford  favorable  conditions 
for  doing  his  work  and  to  fit  himself  for  better  service,  for, 
in  the  long  run,  the  institution  is  best  served  by  those  who  are 
steadily  growing  in  knowledge  and  experience. 

On  account  of  these  conditions,  it  seems  to  be  highly  desir- 
able for  a  technical  college,  or  the  university  of  which  it 
forms  a  part,  to  make  an  organized  effort  to  improve  the  teach- 
ing power  of  its  instructors.  Its  cost  would  be  relatively 
small,  but  its  value  would  be  great.  It  is  gratifying,  there- 
fore, to  know  that  during  the  past  year  the  Iowa  State  Col- 
lege, through  the  initiation  of  its  President,  has  given  a 
special  course  of  lectures  on  methods  of  teaching  for  the  bene- 
fit of  instructors.  The  appreciation  and  value  of  the  course 
were  attested  by  an  excellent  attendance  of  teachers  of  all 
grades. 

The  reaction  of  the  student  toward  the  subject  to  be  taught 
depends  materially  upon  the  personal  relation  between  teacher 
and  student.  The  student  needs  guidance,  but  the  teacher's 
aid  must  not  lead  him  to  relax  his  own  effort.  It  requires 
constant  watchfulness  and  good  judgment  to  balance  prop- 
erly the  activities  of  teacher  and  student.  The  manner  of  a 
teacher  is  important.  If  he  exhibits  too  much  dignity,  it 
often  deters  the  student  from  seeking  help  at  the  time  when 
it  will  do  the  most  good,  while  easy-going  familiarity  may 
lead  to  asking  for  assistance  before  adequate  effort  has  been 
made  on  his  own  part.  Perhaps  a  guide  to  good  judgment  in 
this  respect  on  the  part  of  the  teacher  is  that  he  shall  always 
manifest  the  spirit  of  a  real  friend,  who  is  accordingly  neither 
to  be  feared  nor  to  be  imposed  upon. 
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Laziness,  indifference,  lack  of  adaptability,  and  other  quali- 
ties lead  naturally  to  some  percentage  of  conditions  and  fail- 
ures in  a  class  at  the  end  of  the  semester.  Although  the 
standards  of  teachers  may  yary  more  or  less  the  law  of  the 
probability  curve  has  been  found  by  investigation  to  apply  to 
the  average.  Real  love  for  students  does  not  imply  the  tolera- 
tion in  class  of  those  who  shirk  their  responsibility.  The  con- 
tinuous presence  of  a  few  men  of  that  t>-pe  lowers  the  stand- 
ing of  an  entire  class.  It  is  unfair  to  the  rest  of  the  class  to 
expend  much  energy,  time,  and  thought  upon  those  who  fail 
to  appreciate  their  opportunity,  and  the  sacrifices  made  in 
their  behalf.  Engineering  colleges  have  been  severely  criti 
cized  for  permitting  lack  of  punctuality  and  absences  with- 
out excuse  from  classes,  because  such  habits,  and  the  attitude 
toward  work  thus  implied,  are  a  detriment  to  young  men  after 
graduation. 

Another  problem  for  the  teacher  is  to  determine  the  rela- 
tive attention  to  be  given  to  different  students  with  the  time 
and  strength  available.  Shall  the  intellectually  weaker  stu- 
dents receive  most  attention  in  the  class  so  as  to  reduce  the 
conditions  and  failures  to  a  minimum  and  allow  the  good  stu- 
dents to  follow  their  own  initiative  with  but  slight  help  from 
the  teacher?  Or,  shall  it  be  regarded  as  more  important  to 
stimulate  most  those  who  manifest  interest,  initiative,  and 
ability,  and  to  eliminate  the  few  who  fail  to  respond  to  active 
service  in  their  behalf,  thus  raising  the  individual  as  well  as 
the  average  performance  of  the  balance  to  as  high  a  standard 
as  possible  ?  The  true  teacher  is  eager  to  help  those  of  lesser 
ability  who  show  an  earnest  desire  to  make  the  most  of  their 
opportunity.  He  also  realizes,  however,  that  his  greatest  op- 
portunity is  to  inspire  the  ablest  men  with  the  spirit  of  orig- 
inal investigation,  and  to  apply  their  powers  in  widening  the 
boundaries  of  human  knowledge.  If  the  teacher  is  to  stimulate 
students  to  use  their  creative  powers,  he  must  himself  have 
these  powers,  and  know  how  to  exercise  them.     This  implies 
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additional  time  to  be  devoted  to  other  work  than  that  of  the 
class  room. 

Since  the  progress  of  the  student  in  his  technical  education 
is  so  vitally  dependent  upon  his  habits  of  study,  it  is  surpris- 
ing that  but  little  effort  is  made  to  instruct  all  freshmen  upon 
this  subject  immediately  after  entrance.  It  is  of  sufficient 
moment  to  warrant  at  least  several  lectures  in  which  the  re- 
sults of  psychological  investigation  and  of  experience  are  ap- 
plied in  developing  the  best  methods  of  study.  The  cultiva- 
tion of  right  habits  and  of  a  proper  attitude  of  mind  give  in- 
creasing pleasure  in  study,  while  securing  the  results  desired. 
This  element  of  pleasure  or  satisfaction  acts  as  an  incentive 
to  effort  beyond  the  prescribed  limit.  In  written  work,  as  a 
part  of  lesson  preparation,  the  practice  of  neatness  and  sys- 
tematic arrangement  is  not  merely  valuable  in  itself,  but  in- 
fluences in  turn  the  whole  habit  of  thought  in  scientific  achieve- 
ment. 

When  no  general  plan  is  adopted  to  teach  methods  of  study 
to  freshmen,  then  the  duty  devolves  upon  separate  depart- 
ments to  do  what  they  can  toward  the  same  end.  The  most 
effective  plan  is  to  provide  printed  leaflets  which  have  been 
carefully  prepared  and  which  the  student  can  study  and  re- 
view until  he  has  made  his  regular  practice  conform  to  its 
directions.  A  model  leaflet  of  this  kind  is  issued  by  the  de- 
partment of  mathematics  of  the  University  of  "Wisconsin. 

The  power  of  concentration  is  of  such  importance  that  it 
should  be  steadily  cultivated.  In  working  at  an  example,  it 
will  often  be  desirable  to  indicate  in  advance  the  conditions 
or  to  record  the  data  in  some  graphic  form  to  appeal  to  the 
eye,  so  that  no  effort  of  the  memory  is  required  to  recall  the 
conditions  while  attempting  to  concentrate  the  mind  on  a  par- 
ticular part  of  the  solution.  Diagrams  are  often  omitted 
through  a  mistaken  notion  that  the  time  employed  to  make 
them  can  be  saved.  Another  habit  which  frequently  leads  to 
errors  by  distracting  attention  is  to  attempt  the  transposition 
of  an  equation  before  it  is  completely  written  out  in  its  funda- 
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mental  form,  as  for  example,  an  equation  which  expresses  a 
condition  of  static  equilibrium  in  mechanics. 

At  the  blackboard  it  is  equally  important  to  cultivate  the 
habit  of  orderly  arrangement,  care  and  neatness.  It  is  often 
advantageous  to  state  in  a  few  words  what  certain  computa- 
tions represent  instead  of  covering  the  board  with  numerical 
work  or  equations,  and  to  depend  upon  the  memory  to  identify 
them.  A  habit  to  be  steadily  cultivated  is  that  of  always 
giving  the  analj^sis  of  the  problem  or  the  plan  of  attack,  be- 
fore taking  up  the  detailed  solution  of  its  several  parts.  To  go 
into  details  at  the  start  is  to  change  from  simplicity  into  com- 
plexity and  clearness  into  confusion  of  thought. 

It  is  instructive  to  observe  the  additional  interest  mani- 
fested when  the  student  has  an  opportunity  of  electing  at 
least  a  few  subjects.  To  make  an  intelligent  choice,  he  is 
naturally  led  to  discuss  the  matter  with  a  few  engineers  in 
practice  and  then  he  may  consult  different  members  of  the 
faculty  who  offer  such  courses.  Much  more  discussion  is  had 
with  his  fellow  students,  and  more  or  less  reflection  on  his  own 
part  with  reference  to  different  fields  of  practice.  It  is  not 
intended  to  discuss  electives  as  related  to  specialization,  but 
experience  shows  that  the  favorable  attitude  toward  a  course 
which  he  has  freely  selected,  has  been  frequently  followed  by 
a  marked  growth  in  interest  which  is  so  essential  in  the  acqui- 
sition of  knowledge,  and  by  a  spirit  of  investigation  that  has 
revealed  unexpected  powers. 

In  discussions  of  technical  education  in  recent  years,  writers 
often  refer  to  the  relative  effect  upon  success  in  life  of  certain 
personal  qualities  or  elements  of  character  and  of  intellectual 
growth  in  technical  knowledge,  as  though  these  two  things 
could  be  directly  compared  with  each  other.  No  useful  engi- 
neering career  is  possible  either  without  technical  education 
on  the  one  hand,  or  without  good  character  on  the  other ;  both 
are  absolutely  essential. 

The  teacher  may  properly  be  held  responsible  for  some  im- 
provement during  his  college  course  of  the  elements  of  char- 
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acter  which  the  student  possesses  at  entrance,  but  it  must 
always  be  remembered  how  many  other  influences  upon  them 
have  been  at  work  for  years,  and  how  difficult  it  is  to  change 
the  results  of  their  action.  Some  students  who  are  reared  in 
the  city  are  not  able  to  get  as  much  out  of  their  opportunities 
m  college  because  their  parents  have  deprived  them  of  certain 
preparatory  training  and  experience.  Those  who  have  had 
the  chance  to  work  with  their  hands  during  high  school  vaca- 
tions, if  not  before  that,  who  have  observed  business  men  and 
methods  in  connection  with  their  work,  and  acquired  some 
fundamental  ideas  of  business  affairs,  have  a  considerable  ad- 
vantage over  their  fellows  who  have  not  had  such  opportuni- 
ties, due  either  to  the  mistaken  kindness  or  the  indifference 
of  parents. 

Professor  James  defined  character  as  a  bundle  of  habits. 
The  example  of  the  teacher  and  the  manner  in  which  he  con- 
ducts his  work  have  some  influence  in  changing  or  strengthen- 
ing the  student's  habits.  The  teacher's  example  has  °possi- 
bilities  of  large  influence.  His  sincere  love  of  the  truth,  his 
enthusiasm  in  relation  to  the  subjects  taught,  his  industry 
and  unfailing  good  will,  may  inspire  to  high  ideals  and 
achievement  which  only  time  will  fully  disclose. 

Employers  of  young  men  turned  out  by  engineering  col- 
leges are  sometimes  disappointed  in  their  performance"  and 
criticize  the  colleges  for  what  they  are  not  responsible. '  The 
best  results  of  the  work  of  teacher  and  student  in  college  wiU 
not  be  best  conserved  and  applied  unless  the  employer'  coop- 
erates in  a  further  advancement  of  the  student's  educational 
training.  If  the  young  technical  graduate  is  to  render  the 
best  service  to  his  employer,  he  must  continue  the  habit  of 
study,  including  the  study  of  books  related  to  the  field  of  engi- 
neering in  which  he  is  employed,  and  other  books  to  broaden 
his  knowledge  of  engineering  and  of  other  human  interests. 
It  is  also  necessary  for  him  to  continue  the  habit  which  he  has 
formed  while  in  college  of  reading  regularly  one  or  more  engi- 
neering periodicals,  in  order  that  he  may  learn  about  new 
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discoveries  or  inventions,  of  the  results  of  experimental  inves- 
tigation, of  improvements  in  design  and  construction.  In 
this  manner,  his  interest  will  be  increased  in  his  own  daily 
work,  and  he  will  gain  additional  preparation  for  subsequent 
work  and  responsibility.  He  will  also  gradually  develop  that 
professional  spirit  which  is  such  an  incentive  to  personal 
achievement. 

An  employer  by  occasional  interviews  can  do  much  to  en- 
courage a  young  graduate  to  improve  himself.  The  em- 
ployer's experience  and  knowledge  in  his  chosen  field  enable 
him  to  suggest  lines  of  reading  and  study,  and  the  best  works 
available  for  that  purpose.  He  may  recommend  some  subject 
for  research  to  which  spare  hours  can  be  applied,  and  thus 
stimulate  the  desire  to  render  some  service  to  the  world  by 
adding  to  the  sum  of  human  knowledge.  The  rate  at  which 
an  employer  places  increasing  responsibility  upon  a  man  has 
much  to  do  with  the  progress  of  his  achievement. 

Some  years  ago,  several  corporations  like  the  "Westinghouse 
and  the  General  Electric  Companies  placed  young  college  men 
into  special  apprenticeship  courses,  but  with  no  more  atten- 
tion than  that  received  by  any  other  apprentice  from  the  fore- 
man under  whom  he  worked.  More  recently,  these  men  are 
also  placed  under  the  direction  of  men  who  are  older  technical 
graduates,  and  who  give  special  instruction  in  classes  partly 
during  the  time  of  the  employer,  and  partly  in  evening  classes. 
This  instruction  is  carefully  coordinated  with  the  shop  prac- 
tice of  the  men. 

There  are  numerous  indications  that  serious  study  is  being 
given  to  the  importance  of  this  subject,  and  some  leadei's  have 
announced  the  adoption  of  definite  plans  to  train  technical 
graduates  for  positions  of  larger  responsibility  in  practice. 
The  practical  experience  required  for  the  purpose  is  to  be 
secured  through  carefully  organized  courses  in  practice  just 
as  the  theoretical  training  is  obtained  through  organized 
courses  of  instruction. 

The  Bulhtin  of  the  American  Railwav  Engineering  Asso- 
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ciation  for  October,  1915,  contained  an  article  by  Earl  Stim- 
son,  engineer  of  maintenance  of  way  of  the  Baltimore  &  Ohio 
Railroad,  entitled  "A  System  of  Standardizing  Maintenance 
of  Way  "Work."  In  the  summary  occurs  the  following  para- 
graph: "By  no  means  the  least  of  the  benefits  to  be  derived 
from  this  system  is  that  of  the  development  of  the  young 
engineer  from  an  inexperienced  transitman  or  draftsman  from 
the  engineer's  office  into  a  well-qualified  candidate  for  the 
position  of  supervisor  or  assistant  division  engineer,  from 
which  position  lie  will  later  qualify  for  that  of  division 
engineer. ' ' 

The  superintendent  of  a  division  of  the  same  railroad  has 
a  scheme  by  which  he  advises  young  men  who  are  not  tech- 
nically educated  on  reading  and  study  required  for  different 
positions.  A  similar  plan  for  technical  graduates  could  be 
employed  to  mutual  advantage. 

Last  fall,  Mr.  E.  M.  Herr,  president  of  the  Westinghouse 
Electric  and  Manufacturing  Co.,  made  the  following  state- 
ment in  a  public  address:*  "In  the  last  analysis,  it  is  the 
man  behind  the  gun  who  counts,  no  matter  what  is  his  posi- 
tion in  the  industry,  be  it  high  or  low.  Let  us,  therefore,  con- 
sider what  facilities,  what  incentive,  what  inspiration,  what 
outlook,  is  given  for  individual  improvement  and  growth.  We 
apply  reserves  and  depreciation  to  our  buildings  and  machin- 
ery that  they  may  be  kept  up  and  developed  to  a  better  and 
better  efficiency.  We  should  apply  the  same  principle  to  our 
men,  only  on  a  broader  and  more  liberal  basis,  because  of  the 
far  greater  asset  value  of  the  human  element  than  the  material 
to  the  ultimate  success." 

When  it  is  considered  how  important  the  function  of  the 
teacher  is  in  giving  young  men  their  education  in  fundamen- 
tal principles  and  methods,  and  how  much  the  habits  and 
spirit  of  the  teacher  influence  the  student  both  in  and  out  of 
the  class  room,  it  is  apparent  that  the  utmost  care  is  needed 
to  secure  not  only  teachers  of  ability,  but  of  the  highest  char- 

*  See  Railway  Age  Gazette,  Vol.  60,  page  297,  Feb.  18,  1916. 
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acter.  Attention  is  often  called  to  the  need  for  men  of  broader 
education  and  intellectual  interests,  but  not  so  frequently  to 
the  equally  great  need  for  men  who  represent  the  best  type  in 
moral  and  spiritual  culture.  The  coUege  is  too  frequently 
regarded  merely  as  an  intellectual  workshop  instead  of  an 
institution  for  the  building  of  men  who  shall  go  out  into  the 
world,  not  only  to  take  a  worthy  part  in  professional  life  and 
the  material  advancement  of  the  country,  but  to  give  at  least 
active  support  and  cooperation  with  plans  for  social  and  civic 
improvement  in  the  community,  state,  and  nation.  Education 
is  incomplete  with  mere  instruction.  It  must  also  train  the 
feelings  and  challenge  the  will.  If  students  are  to  go  out 
from  college  with  high  ideals  of  unselfish  service,  they  need 
to  come  into  association  with  teachers  in  college  who  embody 
the  same  ideals  in  their  liv^. 


REPORT  OF  COMMITTEE  ON  COMMITTEES. 

Committee  No.  4. 

BY  G.  K.  CHATBITEN-. 

The  Committee  on  Committees  held  three  meetings  at  the 
time  of  the  annualmeeting  of  the  Society  last  June,  at  Ames, 
one  of  them  occupying  nearly  an  entire  afternoon.  The  com- 
mittees for  1915-16,  their  composition,  and  the  assignment 
of  subjects,  were  recommended  to  and  adopted  by  the  Society 
and  made  available  to  every  member  by  subsequent  publica- 
tion. 

The  present  report  may,  therefore,  be  confined  appro- 
priately to  a  consideration  of  the  general  policy  to  be  adopted 
in  order  to  make  the  committee  work  most  fruitful  and 
effective.  Each  subject  to  be  assigned  should  be  carefully 
limited  in  scope,  so  that  the  questions  to  be  sent  out  for  in- 
formation may  not  require  a  burdensome  amount  of  labor  to 
answer.  Several  short  questionnaires  from  different  com- 
mittees are  more  likely  to  receive  proper  attention  from  the 
members  of  the  Society,  or  from  other  administrative  officers 
in  engineering  colleges,  than  if  an  elaborate  one  is  received 
from  a  single  committee.  All  questions  should  be  as  definite 
and  specific  as  possible,  or  else  the  answers  are  likely  to  be 
vague  or  too  general  to  be  useful. 

Every  effort  should  be  made  by  the  chairman  of  a  com- 
mittee to  have  the  questions  prepared  in  time  to  be  sent  out 
not  later  than  November  by  the  Secretary's  office,  if  the 
report  is  to  be  completed  for  the  following  annual  meeting. 
After  allowing  a  reasonable  amount  of  time  for  replies,  some 
follow-up  letters  may  have  to  be  sent  out.  Active  work  upon 
the  information  gathered  can  usually  be  best  accomplished 
if  divided  among  two  or  more  subcommittees  and  the  results 
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from  each  one  submitted  to  the  others.  Some  report  should 
be  submitted  by  every  committee  to  the  Secretary,  and  not 
later  than  April  15  if  it  is  to  be  published. 

If  all  the  committees  are  active,  the  reports  will  naturally 
become  more  voluminous  than  the  Society  can  afford  to  pub- 
lish in  the  Bullet  in  or  Proceedixgs.  Each  report  should, 
therefore,  be  so  framed  that  the  most  essential  part  for  circula- 
tion may  be  published  while  the  rest  of  it  may  be  filed  for 
reference  in  the  Secretary 's  office  for  the  benefit  of  those  who 
are  particularly  interested. 

"^'henever  possible,  a  report  should  contain  some  definite 
recommendation  or  statement  by  the  committee  which,  after 
thorough  discussion,  may  be  adopted  by  the  Society,  either 
with  or  without  amendment. 

The  experience  of  other  societies  shows  that  the  best  results 
are  obtained  if  committee  work  is  practically  continuous.  To 
secure  this  result,  more  than  one  topic  may  be  assigned  to  a 
committee,  it  being  understood  that  final  reports  are  not  ex- 
pected on  all  of  them  at  the  following  annual  meeting.  Under 
this  arrangement,  sufficient  time  may  be  taken  to  arrive  at  a 
satisfactory  conclusion  and  report. 

In  order  that  work  on  any  committee  may  not  become  a 
hardship,  it  is  generally  desirable  to  change  its  membership  in 
part  each  year.  This  change  should  usually  involve  only  the 
minority  of  its  members,  in  order  that  the  majority  may  be 
familiar  with  the  work  of  the  preceding  year.  In  this  way 
the  Society  will  secure  the  benefit  of  the  experience  of  a  larger 
number  of  members  and  relieve  for  a  time  those  who  have 
rendered  good  service. 

Each  committee  should  consider  what  subjects  ought  to  be 
studied  during  the  following  year,  and  submit  their  recom- 
mendations to  the  Secretary  of  the  Society.  Similar  recom- 
mendations may  properly  be  made  by  any  other  member  of  the 
Society.  The  Committee  on  Committees  will  then  select  the 
topics  which  seem  to  be  most  timely,  or  the  most  important. 


REPORT  OF  JOINT  COMMITTEE  ON  ENGINEER- 
ING EDUCATION. 

Committee  Xo.  5. 

BY  DESMOND  FITZGERALD. 

I  seem  to  have  but  one  idea  in  my  head  today,  and  that  is, 
that  I  love  Virginia.  I  see  you  all  know  who  Virginia  is.  I 
came  here  prepared  to  love  Virginia,  because  I  never  heard  a 
Massachusetts  man  in  all  my  life  say  an^i:hing  but  words  in 
commendation  of  her ;  then  she  is  our  elder  sister — just  enough 
older  to  be  interesting,  and  if  she  is  beautiful  too,  that  only 
adds  another  reason  why  we  should  adore  her. 

In  regard  to  this  University,  one  word:  I  must  say  I  can 
hardly  realize  that  one  of  the  dreams  of  my  life  has  come  true, 
and  that  I  have  really  seen  this  beautiful  campus  and  this 
wonderful  work  of  Jefferson.  Is  it  not  gratifying  to  think 
that  during  his  O'^ti  lifetime  he  saw  the  main  features  of  this 
plan  carried  out  I  Yes,  it  seems  to  me  like  the  realization  of 
a  beautiful  dream.  This  campus,  surrounded  by  this  simple 
but  lovely  development  of  the  Colonial  style  could  be  used  in 
many  places  in  our  country  as  a  type  worthy  of  being  copied. 

But  I  must  not  forget  our  work.  I  have  only  a  few  words 
to  say,  because  I  know  you  are  all  waiting  to  hear  the  more 
interesting  report  of  Dr.  Mann,  the  great  central  figure  of  this 
Joint  Committee  on  Engineering  Education.  Large  com- 
mittees as  a  rule  are  not  desirable  but  I  believe  thoroughly  that 
our  large  committee  in  this  case  has  proved  really  useful  as  an 
advisory  committee.  We  are  trying  to  do  all  that  we  can  to 
help  Dr.  Mann.  If  he  is  pleased  with  our  help,  I  know  we  are 
more  than  pleased  with  his  accomplishment. 

We  are  a  somewhat  ancient  committee.  It  almost  seems 
to  me  that  we  are  entitled  to  a  pension.  But  think  what  a 
good  work  we  have  done,  for  we  have  kept  the  cranks  from 
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dominating  our  work.  Now,  I  thank  Heaven  that  there  are 
plenty  of  cranks  in  our  profession;  we  could  not  get  along 
without  them ;  but  all  the  same,  you  have  to  keep  your  weather 
eye  open  for  them.  That  is  one  reason  why  I,  for  one,  have 
stuck  to  the  Committees  for  eight  years.  They  have  tried  to 
snow  me  under  several  times,  but  somehow  or  other  I  am 
still  on  the  job. 

After  we  had  spent  all  our  spare  cash  in  carrying  on  the 
work  of  this  Committee,  we  naturally  turned  our  eyes  to  the 
Carnegie  Foundation;  and  fortunately  Dr.  Pritehett  came 
ai'ound  to  our  way  of  thinking,  and  said  he  would  take  hold 
of  it;  and  the  grand  old  man  who  has  done  so  much  for  us 
in  so  many  ways  is  now  putting  his  shoulders  to  the  wheel,  and 
Dr.  Mann  with  reasonable  assistance  in  the  way  of  a  staff  is 
carrying  out  the  work. 

I  wish  to  say  a  word  in  regard  to  Dr.  Mann's  idea.  I  think 
he  is  a  wonder.  I  think  it  is  remarkable  that  a  man  could,  in  so 
short  a  time,  have  developed  such  a  fundamental  and  simple 
solution  of  the  great  problem  upon  which  we  were  working. 

I  had  the  pleasure  of  attending  recently  the  graduating 
exercises  at  Phillips  Academy — I  am  an  alumnus  of  the 
Academy.  Dr.  Stearns,  who  is  an  admirable  man  of  fine 
ability  and  character,  dwelt  on  the  great  importance  of  char- 
acter in  the  graduates.  I  was  pleased,  and  knew  that  Dr. 
Mann  would  agree.  I  saw  another  side  of  it.  Dr.  Stearns 
was  looking  to  the  sending  of  men  out  to  do  the  work  of  the 
world,  and  do  it  successfully,  because  they  had  the  founda- 
tion for  it  in  character.  I  liked  that.  The  other  side  of  it  is 
that  engineering  must  be  taught  so  as  to  develop  men  of  the 
same  sound  character. 

I  wish  you  gentlemen  to  think  of  this  seriously  in  all  its 
bearings  and  in  all  its  aspects — and  the  more  you  think  of  it 
the  more  you  will  see  that  we  have  here,  through  Dr.  Mann 's 
discovery,  a  measuring  stick,  a  yardstick  by  which  you  can 
all  measure  the  value  of  your  own  work,  whether  in  physics, 
or  civil  engineering,  or  sanitary  engineering,  or  mechanical 
engineering,  or  electrical  engineering,  or  chemical  engineer- 


COMMITTEE    ON    EISTGINEEEING   EDUCATION.  47 

ing;  in  all  these  studies  you  can  measure  the  success  of  your 
work  with  your  boys.  Is  your  work  having  the  effect  on  your 
classes  of  giving  them  resourcefulness  and  character;  the 
ability  to  think  for  themselves,  expanding  their  minds  ?  Or, 
are  you  simply  trying  to  cram  facts  into  them  without  de- 
veloping character? 

Now,  I  hope  you  will  look  at  it  from  all  sides ;  and  undoubt- 
edly Dr.  Mann  will  picture  it  from  all  sides.  I  have  taken 
this  extra  time  but  will  stop  now,  because  I  know  his  words 
are  of  more  value  than  mine.  I  hope  he  will  iterate  and 
reiterate  this  simple  idea  so  that  we  get  it  fully  into  our  minds, 
for  this  is  not  simply  a  theory,  it  is  a  fundamental  principle 
and  one,  I  believe,  of  great  value. 


REPORT    OF   PROGRESS    IN    THE    STUDY    OF 
ENGINEERING  EDUCATION. 

BY  C.  E.  MANN, 
Carnegie  Foundation  for  the  Advancement  of  Teaching. 

The  chairman  of  this  Committee  and  others  have  expressed 
their  confidence  that  a  great  deal  of  good  will  come  from  this 
study.  This  seems  probable  for  two  reasons.  One  is  that  it 
is  being  guided  by  so  able  and  so  devoted  a  committee.  The 
other  is  that  the  schools  have  welcomed  the  study  and  shown 
a  hearty  willingness  to  cooperate  in  every  possible  way. 
Under  such  conditions,  how  can  anything  but  good  result? 

Last  year  it  was  reported  that  the  study  was  being  carried 
on  under  four  heads : 

First,  a  historical  study,  for  the  purpose  of  defining  the 
meaning  of  the  words  "American  engineer," 

Second,  a  study  of  the  professional  demand,  to  determine 
what  it  is  that  the  professional  engineer  expects  the  school 
to  achieve. 

Third,  a  study  of  the  schools  in  detail,  with  an  analysis  of 
their  work  with  reference  to  the  demands  of  the  engineering 
profession. 

Fourth,  an  investigation  into  objective  methods  of  testing 
school  work; — of  finding  out  whether  men  are  competent  to 
enter  the  engineering  schools;  and  how  effective  the  work  is 
when  measured  by  its  results. 

I.    The  Historical  Background. 

The  basis  of  the  American  system  of  education  was  laid  by 
the  general  court  of  Massachusetts  in  two  acts  passed  in  1642 
and  1G47,  respectively.  These  state  that  the  aim  of  educa- 
tion should  be  to  secure  four  concrete  ends  of  great  value  to 
the  church  and  the  commonwealth.    These  ends  were,  for  the 
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church,  that  every  one  must  (1)  learn  to  read  the  Scriptures 
and  the  catechism,  and  (2)  have  the  free  opportunity  of 
entering  the  ministry  through  the  grammar  school  and  the 
college;  for  the  commonwealth,  that  every  citizen  should 
learn  (3)  the  capital  laws  of  the  colony,  and  (4)  some  gain- 
ful occupation. 

At  the  time  that  this  legislation  was  enacted  the  only  oc- 
cupations open  to  graduates  of  the  college  were  those  of 
minister,  teacher  and  gentleman.  The  great  majority  of  the 
people,  including  physicians  and  lawyers,  learned  their  trades 
by  the  apprenticeship  system.  Therefore  the  responsibility 
for  their  education  was  divided  between  the  schoolmaster  and 
the  master  of  apprentices.  The  schoolmaster  was  "to  teach 
all  such  children  as  may  resort  to  him  to  write  and  reade"; 
and  be  "able  to  instruct  youth  so  farr  as  they  may  be  fited 
for  the  university. ' '  The  master  of  apprentices  was  to  train 
them  "in  some  honest  lawful  calling,  labour  or  imployment, 
either  in  husbandry  or  some  other  trade  profitable  for  them- 
selves and  the  Commonwealth." 

This  division  of .  the  function  of  education  between  the 
schoolmasters  and  the  masters  of  apprentices  was  inevitable 
under  the  social  and  industrial  conditions  prevalent  in  the 
colonies.  In  time,  however,  schools  came  to  be  regarded  as 
constituting  the  whole  educational  system,  and  the  fact  that 
the  training  of  every  one  to  some  "gainful  occupation"  is 
one  of  the  important  justifications  of  taxation  for  public 
education  was  forgotten.  The  magnificent  service  which  the 
schools  have  rendered  in  conserving  ideals  in  America  is 
fully  described  in  the  standard  histories  of  education.  But 
the  industries  and  mechanic  arts,  which  have  rendered  a  no 
less  magnificent  service  in  expressing  American  ideals  and 
developing  the  American  spirit,  have  received  but  scant 
recognition  as  essential  elements  of  the  national  system  of 
education.  Since  the  industries  and  the  mechanic  arts  have 
laid  the  material  foundations  of  the  United  States  and  created 
the  demand  for  engineers,  it  is  not  possible  to  understand 
engineering  education  without  at  least  a  brief  sketch  of  the 
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development  of  the  demand  that  training  in  the  practical  arts 
be  reinstated  as  one  of  the  four  essentials  of  a  complete 
education. 

The  industrial  history  of  America  begins  even  before  that 
of  the  schools.  The  first  ship  built  by  white  men  on  this  side 
of  the  Atlantic  was  launched  in  1607  at  the  mouth  of  the 
Kennebec.  A  tannery  was  established  at  hynn  in  1629.  In 
1640  the  General  Court  of  Massachusetts  directed  the  magis- 
trates to  consider  "what  course  may  be  taken  for  teaching 
the  boys  and  girls  in  all  townes  the  spinning  of  yarn."  By 
1690  the  American  weavers  of  woolen  cloth  had  become  such 
successful  rivals  of  the  British  weavers  that  Parliament  passed 
the  Woolens  Act  which  forbade  the  colonists  from  transport- 
ing woolen  goods  from  one  place  to  another  for  the  purpose 
of  sale. 

"In  1718  a  great  stir  was  created  in  the  town  (Boston)  by 
the  arrival  of  a  number  of  Irish  spinners  and  weavers,  bring- 
ing the  implements  of  their  craft.  Directly  the  spinning  craze 
took  possession  of  the  town  and  the  women,  young  and  old, 
high  and  low,  rich  and  poor,  flocked  into  the  spinning  school 
which  was  set  up  on  the  common  in  the  open  air.  Prizes  were 
offered  for  the  best  work  and  the  enthusiasts  went  about 
proudly  clothed  in  the  homespun  products  of  their  own 
hands. ' ' 

A  special  town  meeting  was  held  at  the  town  house  Septem- 
ber 28,  1720,  at  which  it  was  voted  "that  the  Town  will  pro- 
ceed to  the  choyce  of  a  committee  to  consider  about  promoting 
of  a  Spinning  School  or  schools  for  the  instruction  of  the 
children  of  this  town  in  Spinning."  This  committee  recom- 
mended the  erection  of  a  suitable  house  and  the  employment 
of  a  weaver  "having  a  wife  that  can  instruct  children  in 
spinning  flax,  to  take  care  of  the  school."  This  project  was 
not  carried  out  till  1753  when  a  wheel  tax  was  levied,  £1,500 
raised,  and  the  Manufactory  House  built  for  this  purpose.  In 
1765  the  Daughters  of  Liberty  resolved  to  wear  only  homespun, 
and  the  seniors  of  Harvard  College  agreed  to  take  their 
degrees  (1768)  "  dressed  altogether  in  the  manufactures  of 
this  country." 
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It  is  a  well-recognized  fact  that  the  efforts  of  the  British 
to  crush  American  manufacturing  industries  were  among  the 
chief  causes  of  the  Revolutionary  War.  The  only  positive 
action  of  the  first  continental  congress  (1774)  was  its  non- 
importation agreement,  aimed  at  establishing  independence  in 
productive  industry.  After  the  Peace  of  Paris,  under  the 
confederation,  each  colony  controlled  its  own  trade.  Because 
there  was  thus  no  concerted  action  with  regard  to  industrial 
protection,  England  was  able  to  flood  the  American  markets 
with  foreign  goods  which  were  sold  at  prices  with  which  home 
manufactures  could  not  compete.  American  industry  was 
paralyzed,  money  became  scarce  in  America,  and  the  working 
men  were  idle. 

To  meet  this  situation,  associations  of  mechanics  and  trades- 
men were  organized  in  various  parts  of  the  country.  These 
took  an  active  part  in  the  struggle  for  the  ratification  of  the 
constitution  in  the  ardent  hope  that  a  federal  government 
would  be  able  to  protect  and  encourage  American  manu- 
factures. In  this  they  were  not  disappointed,  for  the  first 
act  of  the  consolidated  government  (1789)  was  a  statute  for 
the  joint  purposes  of  "raising  revenue  and  protecting  manu- 
factures by  laying  duties  on  goods,  wares  and  merchandise 
imported."     The  first  federal  patent  law  was  passed  in  1790. 

Not  only  were  the  manufacturers  protected  from  foreign 
competition  by  the  federal  tariff,  but  they  were  also  en- 
couraged by  financial  aid  from  state  legislatures.  A  bill  levy- 
ing taxes  for  the  support  of  associations  for  the  promotion  of 
agriculture,  manufactures  and  the  useful  arts  was  introduced 
into  the  Pennsylvania  state  legislature  in  1798.  Other  states 
followed  suit,  but  the  first  to  vote  funds  for  this  purpose  was 
New  York.  In  1819  an  appropriation  of  $10,000  a  year  for 
two  years  was  made.  This  state  support  led  to  the  establish- 
ment of  twenty-nine  county  societies  for  the  promotion  of 
agriculture  and  domestic  manufactures  during  the  two  years. 

This  protection  of  American  industry  by  the  federal  tariff 
and  by  state  support  seemed  necessary  at  this  time  because 
the  use  of  machinery  and  the  factory  system  had  progressed 
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further  abroad  than  it  had  in  this  country.  In  order  to  main- 
tain this  advantage.  Parliament  had  forbidden  the  export  of 
machinery  to  America.  In  1788,  however,  Samuel  Slater,  a 
mechanic  who  had  had  experience  with  the  British  machines, 
escaped  to  America  and  built  from  memory  similar  machines 
here.  Under  his  direction  the  first  successful  cotton  mill 
driven  by  water  power  was  established  at  Pawtucket  in  1790. 

The  invention  of  the  cotton  gin  by  Eli  Whitney  in  1792, 
the  application  of  steam  power  to  navigation  by  John  Fitch 
(1790)  and  Robert  Fulton  (1808),  the  development  of  ma- 
chinery for  threshing  grain  and  milling  flour  by  Oliver  Evans 
(1791-1804)  gave  great  impetus  to  these  several  industries, 
and  domestic  manufactures  advanced  by  leaps  and  bounds. 

Great  diffculty  was  experienced  in  obtaining  operatives  as 
the  manufacturers  were  "required  to  raise  up  an  entire  new 
set  of  workmen  from  amongst  our  own  Youth  at  a  heavy  ex- 
pence. "  These  operatives  were  poor  children  seven  to  twelve 
years  old  whose  parents  had  been  able  to  give  them  small  op- 
portunities for  schooling.  Therefore,  in  1793,  Slater  estab- 
lished at  his  own  expense  a  "Sunday  School"  where  these 
children  were  taught  the  three  R's  by  students  from  Rhode 
Island  College.  These  Sunday  Schools  were  the  precursors  of 
the  mechanics  institutes. 

As  the  manufacturing  industries  developed  and  machinery 
came  to  be  used  more  and  more,  the  difficulty  of  securing 
skilled  labor  increased.  Signs  of  exhaustion  of  the  soil  also 
began  to  make  it  evident  that  more  intensive  and  scientific 
methods  of  farming  must  be  introduced.  In  1818  there  was 
published  in  the  GeniJeman's  Magazine  the  first  account  in 
English  of  the  Fellenberg  industrial  school  at  Hofw^'l, 
Switzerland.  The  Hofwyl  school  was  first  established  as  a 
charitable  enterprise  for  the  education  of  poor  children.  Its 
work  was  such  a  marked  success  that  the  children  of  the  rich 
soon  sought  admission  too.  Its  aim  was  the  development  of 
character  by  all  round  training.  Careful  attention  was  given 
to  physical  health  and  to  recreation  by  change  of  employment. 
Time  was  judiciously  divided  between  books  and  the  work  of 
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caring  for  the  place.  Sound  morals  were  inculcated  through 
good  books,  good  environment,  self-government,  no  prizes,  and 
mutual  confidence  among  instructors  and  students.  The  plan 
and  methods  of  this  school  seemed  so  well  suited  to  the  needs  of 
the  situation  in  America  that  a  similar  school  was  estab- 
lished the  next  year  by  Josiah  Holbrook  at  Derby,  Connecticut. 

This  school  was  not  a  success,  but  the  idea  spread ;  and  in 
1823  the  Committee  on  Agriculture  of  the  New  York  Legisla- 
ture made  a  report  in  which  the  establishment  of  a  state  school 
of  agriculture  was  urged.  The  institution  was  to  be  modeled 
after  the  Fellenberg  school  to  consist  of  (1)  a  model  farm; 
(2)  an  experimental  farm;  (3)  a  manufactory  of  implements 
of  husbandry;  (4)  a  school  of  industry  and  mechanic  arts; 
(5)  a  boarding  school;  and  (6)  an  institute  of  theoretical  and 
practical  agriculture.  Arguments  were  adduced  to  show  why 
such  a  school  would  benefit  agriculture,  commerce,  manu- 
factures, the  morals  of  society,  the  revenues  of  the  state,  and 
politics. 

This  report  closes  with  the  remark  "The  Hon.  Stephen  van 
Kensselaer  has  offered  a  gratuitous  deed  of  the  lands  required 
for  the  use  of  the  institution."  The  legislature  failed  to 
adopt  the  report  and  the  next  year  van  Rensselaer  proceeded 
to  carry  out  the  project  alone  and  founded  the  Rensselaer 
Polytechnic  Institute,  the  first  engineering  school  in  the  United 
States.  The  methods  of  instruction  introduced  into  this 
school  by  Amos  Eaton,  its  first  director,  were  original  and 
somewhat  different  from  those  of  the  Fellenberg  school. 

At  this  same  time  the  public  schools  reached,  according  to 
the  histories  of  education,  the  low  water  mark  of  their 
efficiency. 

The  year  1824  witnessed  the  inauguration  of  another  enter- 
prise which  has  been  of  far  reaching  usefulness  to  technical 
education.  Samuel  V.  Merrick  inherited  that  year  a  machine 
shop  in  Philadelphia.  He  soon  discovered  that  he  could  not 
manage  it  intelligently  without  some  knowledge  of  machinery. 
Although  the  University  of  Pennsylvania  had  in  1816  "created 
a  new  department  to  be  devoted  to  the  study  of  natural  sci- 
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euee,"  and  although  five  professors  were  still  holding  chairs 
in  that  department,  Merrick  was  unable  to  get  the  kind  of  in- 
struction he  needed.  He  therefore  decided  to  establish  a  new 
school.  Professor  Keating  of  the  university  department  of 
applied  chemistry  joined  in  the  venture.  This  combination  of 
Merrick's  need  with  Keating 's  knowledge  proved  effective. 
The  Franklin  Institute  was  established.  One  of  its  first  stu- 
dents, a  bricklayer  named  Thomas  U.  Walter,  designed  the 
dome  of  the  Capitol  at  Washington. 

From  1825  to  1860  the  industries  developed  rapidly. 
Canals  and  railroads  were  built,  the  McCormick  reaper,  the 
sewing  machine  and  the  telegraph  were  invented,  and  the 
Atlantic  cables  were  laid.  The  west  was  settled,  the  federal 
finances  prospered,  and  state  school  systems  were  developed. 
Every  new  stage  of  advancement  in  material  prosperity  and 
every  new  invention  served  to  intensify  the  demand  for 
greater  knowledge  of  science  and  greater  skill  in  the  useful 
arts.  This  national  demand  had  become  so  insistent  by  1857, 
that  it  could  no  longer  be  ignored.  The  Morrill  bill  was  intro- 
duced into  Congress,  and  became  a  law  in  1862. 

It  is  important  to  note  that  this  response  to  the  national 
demand  for  practical  knowledge  came  from  the  federal  govern- 
meu.  State  school  systems  had  been  established  by  each  state 
independently  and  on  traditional  lines ;  but  this  act  calls  for  a 
new  American  type  of  school ' '  to  promote  the  liberal  and  prac- 
tical education  of  the  industrial  classes  in  the  several  pursuits 
and  professions  in  life. "  It  is  also  significant  that  the  father 
of  this  land  grant  college  bill  was  father  of  the  tariff  act  of 
1861,  and  that  bills  increasing  the  federal  bounties  to  these 
colleges  were  introduced  into  Congress  during  the  tariff  dis- 
cussions in  1872,  1884  and  1890. 

The  decade  from  1860  to  1870  witnessed  the  est-ablishment 
of  several  of  the  most  celebrated  engineering  schools.  In 
follo^ving  their  subsequent  development  it  is  important  to 
recognize  clearly  that  their  origin  was  very  different  from  that 
of  the  schools  of  law  and  medicine.  These  latter  were  first 
established  by  practitioners  as  an  outgrowth  of  the  apprentice- 
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ship  system  and  were  usually  well  developed  as  professional 
schools  before  they  became  affiliated  with  the  colleges.  The 
engineering  schools,  on  the  other  hand,  were  not  founded  by 
engineers  as  the  outgrowth  of  an  apprenticeship  system,  but 
by  college  professors  who  sought  to  satisfy  industrial  needs 
by  the  methods  to  which  they  were  accustomed  in  the  colleges. 

Yet  notwithstanding  this  close  kinship  of  the  engineering 
school  to  the  arts  college,  the  scientific  school  was  kept  distinct 
from  the  "college  proper."  The  students  preparing  for  an 
industrial  profession  were  not  considered  as  of  the  same  caste 
with  those  preparing  for  the  ''learned  professions." 

This  feeling  in  the  colleges  was  reflected  in  the  public  schools 
which  were  still  oblivious  to  the  fact  that  training  for  a 
"gainful  occupation"  is  one  of  the  four  fundamental  justifica- 
tions of  taxation  for  public  education.  The  lowest  depths  of 
this  oblivion  were  reached  in  the  report  of  the  Committee  of 
Ten  (1895)  when  languages,  mathematics,  history,  natural 
history,  physics,  and  chemistry,  were  declared  to  be  the  only 
subjects  "proper  for  secondary  schools." 

The  achievements  of  engineering  have,  however,  forced  the 
recognition  of  the  fact  that  knowledge  of  the  practical  arts  is 
essential  to  the  education  of  every  American.  The  demand  for 
vocational  education  is  omnipresent,  and  the  schools  seem  to 
be  about  ready  to  follow  the  lead  of  the  engineering  colleges 
in  so  teaching  the  mechanic  arts  that  their  educative  power 
shall  be  felt  by  everyone.  Since  the  apprenticeship  system 
has  now  practically  disappeared,  this  introduction  of  the  in- 
dustrial arts  into  school  work  is  necessary  before  the  schools 
can  justly  claim  to  give  a  complete  education,  i.  e.,  one  that 
confers  all  the  benefits  on  the  church  and  commonwealth  which 
the  founders  of  the  American  educational  system  had  in  view. 

For  the  past  fifty  years  engineers  have  been  absorbed  in  the 
work  of  inventing,  constructing,  and  perfecting  machinery 
and  the  material  conveniences  of  life.  A  large  field  for  use- 
fulness along  these  lines  will  always  remain  open  to  them. 
But  the  methods  of  this  work  have  now  been  standardized  and 
reduced  to  a  system.  Every  large  plant  has  its  designing  de- 
partment and  even  its  research  laboratory. 
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Relatively  little  attention  has  as  yet  been  given  to  the  scien- 
tific study  of  problems  of  the  organization  and  control  of  the 
forces  of  men.  These  problems  of  human  machine  design 
and  the  conservation  of  human  resources  are  as  much  engineer- 
ing problems  as  are  those  of  mechanism  and  the  conservation 
of  material  resources.  The  demand  for  creative  work  in  this 
field  of  human  engineering  is  daily  becoming  more  insistent. 
Can  the  engineering  schools  longer  afford  to  ignore  it  ? 

Again.  American  industry  has  developed  in  a  land  of 
abundant  natural  resources.  It  has  always  been  protected  by 
a  tariff  which  has  been  raised  as  the  industries  grew  stronger 
and  more  wealthy.  This  protected  atmosphere  of  natural 
opulence  has  given  strong  incentive  for  the  development  of 
originality,  initiative,  and  push.  Every  boy  in  America  has 
felt  that  the  opportunity  to  become  president  was  open  before 
him.  There  was,  however,  little  incentive  for  economy  of  pro- 
duction. It  was  much  easier  to  exploit  the  Indians  or  to  per- 
suade Congress  to  raise  the  tariff  than  it  was  to  make  a 
scientific  study  of  production  costs. 

The  increase  in  population  and  the  waste  of  natural  re- 
sources have  now  brought  the  United  States  under  the  opera- 
tion of  the  law  of  diminishing  returns.  The  problem  of  effi- 
ciency of  production  has  been  thrust  upon  us.  This  again  is 
an  engineering  problem.  It  cannot  be  solved  here  by  merely 
copying  the  autocratic  methods  that  have  been  used  success- 
fully elsewhere,  but  demands  an  American  solution  which  shall 
insure  efficiency  without  sacrificing  individual  spontaneity  and 
initiative. 

These  then  are  the  three  problems  of  the  immediate  future 
for  the  American  engineer.  (1)  To  introduce  the  practical 
arts  into  the  schools  in  such  a  way  that  all  may  share  their 
educational  value.  (2)  To  devise  human  machinery  that  shall 
assure  to  every  American  justice  and  a  fair  show.  (3)  To 
develop  the  highest  efficiency  of  production, — an  efficiency 
which  is  attainable  only  when  individual  initiative  is  given  the 
freest  play. 
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II.   The  Professional  Demand. 

The  returns  from  the  circular  letter  sent  out  in  the  spring 
of  1915  were  summarized  and  the  results  announced  at  the 
meeting  of  the  American  Society  of  Civil  Engineers  last  Jan- 
uary. Because  of  the  rather  unexpected  nature  of  the  sum- 
mary and  its  importance  in  defining  the  work  of  the  schools, 
the  Joint  Committee  on  Engineering  Education  last  March 
sent  to  the  members  of  the  National  Engineering  Societies  the 
following  card: 

Please  prefix  numbers  to  the  groups  of  qualities  listed  below  to  show 
the  order  of  importance  that  you  give  them  in  judging  the  reasons  for 
engineering  success  or  in  sizing  up  young  men  for  employment  or  pro- 
motion. 

.  .  Character,  integrity,  responsibility,  resourcefulness,  initiative. 

.  .Judgment,  common  sense,  scientific  attitude,  perspective. 

.  .Efficiency,  thoroughness,  accuracy,  industry. 

.  .Understanding  of  men,  executive  ability. 

.  .  Knowledge  of  the  fundamentals  of  engineering  science. 

.  .Technique  of  practice  and  of  business. 

Submitted  by  

Address    

Years  in  practice  .... 

Up  to  June  first,  6,773  of  these  cards  had  been  returned; 
352  were  accompanied  by  letters  explaining  the  views  of  the 
writers. 

A  statistical  summary  of  the  returns  was  begun  on  May 
first,  when  6,069  cards  had  come  in.  Of  these  5,441  were 
regular,  each  one  rating  the  six  groups  in  the  order  of  im- 
portance by  some  single  combination  of  the  numbers  1-6. 
There  were  489  irregular  cards,  in  which  one  or  more  of  the 
numbers  appeared  more  than  once  or  in  which  the  qualities 
were  weighted  by  percentages  instead  of  being  numbered. 
On  139  cards  the  qualities  were  numbered  in  two  or  more 
different  orders,  one  for  engineering  success,  another  for  em- 
ployment, etc.  The  regular  cards  were  sorted  according  to 
the  number  of  years  in  practice  and  the  vote  counted  sepa- 
rately for  each  five-year  period.  Cards  on  which  the  years 
in  practice  were  not  given  were  counted  together. 
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Differences  in  years  of  practice  were  found  to  make  but 
little  difference  in  the  vote.  The  following  table  gives  the 
regular  vote  by  ten-year  periods.  The  table  reads :  Character 
was  rated  higher  than  judgment  by  84.8  per  cent  of  the  voters 
who  had  less  than  ten  years  of  experience,  by  86.6  per  cent 

Tears  in  Practice. 
T7nd9  10. 


No.  of  ratings 1,000  2,000         1,9-Jl  500      !    5,441 

OJ. 84.8  i       86.6  '       88.3  '       88.2  '       87.0 

C>  E. 92.5  92.8  92.5  91.8  92.5 

C>  r. 92.7  93.0  95.0  95.8  93.9 

OK. 91.8  91.9  91.0  91.4  91.5 

C  >  T. 97.3  98.0  98.0  98.0  97.9 

J>E 77.8  78.7  76.3  75.4  77.4 

J  >  U. 80.8  82.1  84.1  82.0  82.5 

J  >  K. 78.4  79.7  74.7  75.8  77.4 

J  >  T. 96.8  96.2  95.0  96.2  95.9 

E>  r. 59.7  61.5  68.5  65.4  64.0 

E>K. 6-5.0  63.0  64.9  64.4  64.2 

E  >  T. 93.9  92.9      ;       92.7  95.8  93.4 

U>K 57.7  57.3      .       54.5  52.2  55.9 

r>  T. 89.9  87.1  85.7  S6.0  87.0 

.£:>  T. 92.3  90.3     i      90.7  91.2  90.9 

of  those  with  from  t^n  to  nineteen  years  of  experience,  etc. 
The  last  column  gives  the  percentage  vote  on  each  item  for  all 
the  5,441  voters. 

The  most  probable  values  of  the  relative  importance  of 
these  groups  of  qualities  have  been  computed  from  these  per- 
centage vot^s  by  the  method  described  in  Chapter  VIII  of 
Thorndike's  ''Theorj-  of  ^Mental  and  Social  Measurements." 
These  values  are  given  in  the  first  column  of  figures.  The 
last  column  gives  these  same  values  as  determined  by  the 
summar^•  of  the  replies  to  the  first  circular  letter  explained 
in  the  Engineering  Record  for  January  29  and  the  Engineer- 
ing News  for  January  27,  1916. 

Because  of  the  constancy  of  the  percentage  of  the  votes,  as 
shown  in   the  table,  it  is  clear  that  this  statement  of  the 
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factors  essential  to  engineering  success  corresponds  to  a 
rather  definite  ideal  in  the  professional  mind.  It  is  there- 
fore safe  to  make  use  of  this  definition  in  testing  and  planning 
the  work  of  the  schools. 

Character  24.0 

Judgment    19.5 

EflSeiency 16.5 

Understanding  of  men 15.0 

Knowledge  of  fundamentals . .  15.0 

Technique    10.0 


When  applying  this  definition  to  the  schools  it  is  desirable 
not  to  forget  several  perfectly  obvious  facts.  In  the  first 
place,  all  the  qualities  mentioned  are  essential  to  genuine 
success  and  conscious  effort  should  be  made  to  develop  all  of 
them  as  far  as  is  possible.  Second,  character,  initiative, 
common  sense,  and  qualities  of  this  sort  cannot  be  taught  ex- 
plicitly like  multiplication  tables  and  rules  of  grammar. 
Third,  education  is  a  continuous  process  of  growth,  and  there- 
fore the  conscious  development  of  the  qualities  of  the  first 
four  groups  cannot  to  advantage  be  arrested  for  four  years, 
even  for  the  sake  of  a  mastery  of  knowledge  and  technique. 
Fourth,  the  man  whose  character,  judgment,  efficiency  and 
understanding  of  men  has  developed  most  during  his  college 
years  has  the  best  show  after  graduation,  since  these  quali- 
ties constitute  75  per  cent  of  his  equipment.  Fifth,  the  fact 
that  character  is  rated  at  24  per  cent  does  not  mean  that  an 
engineer  can  succeed  with  a  24  per  cent  character.  It  does 
mean  that  even  a  perfect  character  is  but  24  per  cent  of  the 
engineer's  total  equipment. 

With  these  facts  in  mind  it  is  evident  that  instruction  in 
mathematics,  or  machine  design  which  aims  only  at  a  mastery 
of  fundamental  principles  and  technique,  cannot  be  nearly 
as  efficient  as  instruction  which,  while  paying  due  regard  to 
technique  and  the  mastery  of  principles,  yet  develops  in- 
tegrity, initiative,  resourcefulness,  and  common  sense. 
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III.   The  Work  of  the  Schools. 
A.  What  Freshmen  Know  and  Can  Do. 

Twenty-two  schools  have  been  visited  and  carefully  studied. 
A  composite  picture  of  their  work  furnishes  the  best  state- 
ment of  conditions.  Tests  of  220  freshmen  at  four  institu- 
tions have  been  conducted  by  Professor  E.  L.  Thorndike. 
These  tests  furnish  objectively  certain  facts  about  the  human 
material  which  schools  of  engineering  educate,  showing  what 
the  members  of  the  entering  class  know  and  can  do.  The 
following  samples  may  serve  to  give  some  idea  of  their 
abilities. 

In  Algebra,  nine  tenths  of  the  freshmen  were  able  to 
solve  the  following  equation  :  x  —  2a-\-'b^=2x  -^2b  —  4a. 
Only  one  third  of  them  could  solve  the  following:  If 
x=  (a  -{-  &),  2.  what  does 

{x  —  a)^/{x—h)  —  {x  —  2a  +  h)/{x-\-a  —  2h) 

equal  ? 

In  Physics,  nine  tenths  were  able  to  tell  what  materials 
were  needed  to  make  an  electric  battery.  Only  one  third 
could  determine  how  much  water  must  be  added  to  a  pint 
of  alcohol  95  per  cent  pure  to  make  a  solution  of  alcohol  40 
per  cent  pure. 

Xine  tenths  were  able  to  fill  the  blanks  in  the  following: 
Light  generally  travels  in  ....  lines.  100  Centigrade  de- 
grees equal  ....  Fahrenheit  degrees.  Only  one  third  could 
correctly  supply  the  missing  words  in :  The  mechanical  ad- 
vantage of  a  system  of  pulleys,  provided  no  energy  is  dis- 
sipated inside  the  pulleys,  is  ....  the  number  of  ....  of  the 
cord  supporting  the  load.  TVTien  a  mass  of  air  is  heated  . . . ., 
its  volume  increases  ....  of  its  value  at  zero  degrees  for 
every  rise  of  one  degree  C.  in  temperature. 

English. — In  English,  nine  tenths  could  classify  as  animal, 
flower,  boy's  name,  book,  something  good  or  bad  to  be  or  do. 
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the  following  words:  zachary,  dexterous,  hyacintli,  clematis, 
callous,  mastodon,  caribou,  Julian,  ruthless. 

Only  one  third  could  similarly  classify:  predatory,  brevi- 
ary, sophistical,  campanula,  pusillanimous. 

Nine  tenths  could  fill  in  "  a  body  of  entirely  sur- 
rounded by is  called  an " 

Only  one  third  were  able  to  make  sense  out  of  "Let  us 

briefly  examine  the  social  forces at  work  concentrating 

or the  ownership wealth. ' ' 

Nine  tenths  could  write  the  answers  to  the  questions  on 
the  following  paragraph : 

"It  may  seem  at  first  thought  that  every  boy  and  girl  who  goes  to 
school  ought  to  do  all  the  work  that  the  teacher  wishes  done.  But  some- 
times other  duties  prevent  even  the  best  boy  or  girl  from  doing  so.  If  a 
boy's  or  girl's  father  died  and  he  had  to  work  afternoons  and  evenings 
to  earn  money  to  help  his  mother,  such  might  be  the  case.  A  good  girl 
might  let  her  lessons  go  undone  in  order  to  help  her  mother  by  taking 
care  of  the  baby," 

1.  What  is  it  that  might  seem  at  first  thought  to  be  true,  but  really 
is  false? 

2.  What  might  be  the  effect  of  his  father's  death  upon  the  way  a  boy 
spent  his  time? 

3.  Who  is  mentioned  in  the  paragraph  as  the  person  who  desires  to 
have  all  lessons  completely  done? 

Only  one  third  could  answer  the  questions  on  the  following : 

' '  A  chief  characteristic  of  science,  then,  is  that  in  supplementing  given 
facts  it  supplements  them  by  adding  other  facts  belonging  to  the  same 
sphere,  and  eventually  discoverable  by  tracing  the  given  object  in  its  own 
plane  through  its  continuous  transformations.  Science  expands  specu- 
latively, by  the  aid  of  merely  instrumental  hypotheses,  objects  given  in 
perception  until  they  compose  a  congruous,  self-supporting  world,  all 
parts  of  which  might  be  observed  consecutively.  What  a  scientific  hy- 
pothesis interpolates  among  the  given  facts — the  atomic  structure  of 
things,  for  instance — might  come  in  time  under  the  direct  fire  of  atten- 
tion, fixed  more  scrupulously,  longer,  or  with  better  instruments  upon 
those  facts  themselves.  Otherwise  the  hypothesis  that  assumed  that 
structure  would  be  simply  false,  just  as  a  hypothesis  that  the  interior 
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of  the  earth  is  full  of  molten  fire  would  be  false,  if  on  inspection  nothing 
were  found  there  but  solid  rock.  Science  does  not  merely  prolong  a 
habit  of  inference:  it  verifies  and  solves  the  inference  by  reaching  the 
fact  inferred.  The  contrast  with  myth  at  this  point  is  very  interesting; 
for  in  myth  the  facts  are  themselves  made  vehicles,  and  knowledge  is  felt 
to  terminate  in  an  independent  existence  on  a  higher  or  deeper  level  than 
any  immediate  fact;  and  in  this  circumstance  is  what  makes  myth  impos- 
sible to  verify,  and,  except  by  laughter,  to  disprove. ' ' 

1.  According  to  the  paragraph,  what  is  the  difference  between  the  ether, 
the  electrons  or  lines  of  electromagnetic  force  and  angels,  a  sun-god,  or 
fairies,  as  principles  of  explanation? 

2.  According  to  the  paragraph,  by  what -sort  of  explanation  of  the 
facts  of  the  world  are  the  facts  themselves  made  mere  carriers  of  thought 
to  conclusions  in  a  realm  outside  that  of  such  facts? 

3.  According  to  the  paragraph,  what  are  the  methods  and  instruments 
by  the  aid  of  which  perceived  things  and  qualities  are  made  the  basis  of 
a  consistent  independent  universe? 

B.   What  the  Schools  do  to  Freshmen. 

Two  thousand  freshmen  of  the  type  described  entered  a 
group  of  schools  in  the  fall  of  1911.  Of  these  732  graduated 
in  June,  1915.     The  other  1,268  had  been  "weeded  out." 

The  records  of  the  732  who  graduated  from  the  14  different 
schools  showed  that  382,  or  52.2  per  cent,  just  "got  by"  in 
physics,  52  per  cent  just  passed  in  mechanics,  45  per  cent  in 
calculus.  43.7  per  cent  in  modern  languages,  43  per  cent  in 
English,  34  per  cent  in  chemistry,  and  23  per  cent  in  de- 
scriptive geometry.  These  averages  for  14  schools  do  not 
differ  materially  from  those  presented  last  year  for  five 
schools. 

There  are  many  who  maintain  that  these  conditions  are 
most  encouraging;  for  the  fact  that  only  one  sixth  of  those 
who  enter  graduate  with  credit  proves  that  the  schools  are 
maintaining  high  standards.  This  position  would  be  more 
readily  understood  by  the  critics  of  the  schools,  who  constitute 
the  great  majority  of  the  American  public,  if  the  term  stand- 
ards were  more  clearly  defined.  What  sort  of  standards  are 
being  maintained  by  this  process?     Are  they  standards  of 
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scholarship,  standards  of  academic  culture,  standards  of  engi- 
neering efficiency,  standards  of  justice,  of  integrity,  of  moral- 
ity, of  common  sense,  of  accuracy,  of  science,  of  art,  of 
freedom  of  achievement,  of  worldly  success,  of  unity,  of 
service,  of  obedience,  of  duty,  of  law  and  order,  of  aristocracy, 
of  democracy,  or  of  humanity?  Perhaps  all  of  these  and 
many  more  are  meant.  It  would  be  a  real  service  if  the  exact 
meaning  of  the  phrase  "maintaining  standards"  in  schools 
might  be  accurately  defined. 

On  the  other  hand  those  who  consider  that  this  high 
scholastic  mortality  and  these  high  percentages  of  low  grades 
are  proofs  of  the  inefficiency  of  the  schools  offer  many  hy- 
potheses in  support  of  their  position.  Among  these  two  are 
particularly  suggestive.  The  first  of  these  is  derived  by 
analogy  from  the  experience  of  the  industries  with  ''soldier- 
ing." Under  the  old  industrial  system,  workmen  are  paid 
according  to  the  number  of  hours  of  work,  and  little  atten- 
tion is  given  to  the  amount  accomplished  per  hour.  Under 
this  sytem  the  workman  accomplishes  as  little  as  he  dares 
and  unions  are  formed  to  raise  the  time  rate  and  to  stand- 
ardize this  minimum  accomplishment.  When  the  reward  is 
measured  solely  by  time  and  not  by  achievement,  there  is 
every  incentive  not  only  for  laziness  but  even  for  deliberate 
deception  of  the  employer  as  to  how  much  can  be  accomplished 
per  hour  by  a  willing  and  properly  instructed  workman. 

The  school  system  is  analogous  to  this  old  industrial  system 
since  it  awards  "credits"  in  accordance  with  Commissioner 
Finley's  "table  of  academic  weights  and  measures,"  namely: 

45  minutes  make  1  hour 

5  hours  make  1  week 

36  weeks  make  1  unit 

15  units  make  1  matriculant 

120  semester-hours  make  one  degree 

The  student  who  puts  in  the  requisite  time  with  an  esti- 
mated efficiency  of  only  60  per  cent  receives  the  same  "credit" 
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as  one  who  achieves  an  efficiency  of  100  per  cent.  The  result 
is  similar  to  that  in  the  industries — many  students  ' ' soldier, ' ' 
try  to  bluff  their  way  through  and  even  unite  to  create  the 
tradition  that  it  is  a  disgrace  to  be  rated  much  above  the 
pass  mark. 

In  the  industries  this  situation  has  been  met  first,  by  making 
a  careful,  detailed,  scientific  study  of  all  the  conditions  that 
affect  efficiency;  second,  bj'  instructing  the  workmen  in  the 
best  methods  of  work;  and  third,  by  making  the  reward  de- 
pend on  accomplishment.  "Where  the  old  industrial  system 
has  been  replaced  by  this  new  system,  in  accordance  with  the 
principles  enunciated  by  Mr.  F.  W.  Taylor,  soldiering  has 
disappeared,  the  workmen  have  doubled  or  even  quadrupled 
their  achievement,  their  earnings  have  increased,  and  they 
have  become  more  contented  and  more  healthy. 

The  success  of  this  change  of  policy  in  industry  makes  us 
wonder  whether  an  analogous  change  might  not  prove  equally 
beneficial  to  the  schools. 

Usually  the  method  of  presenting  subject  matter  in  schools 
is  determined  by  the  teacher 's  conception  of  logical  rigor  and 
theoretical  unity.  In  spite  of  the  fact  that  the  high  per- 
centages of  failure  and  low  grades  prove  that  this  method 
is  not  effective,  very  few  experiments  have  as  yet  been  made 
to  find  methods  better  adapted  to  the  abilities  of  the  students. 
But  if  the  same  scientific  care  were  used  in  setting  tasks  in 
schools  as  is  used  in  setting  tasks  in  industry,  would  not  these 
conditions  improve  rapidly?  And  would  not  school  grades 
be  a  truei*  measure  of  ability  if  tasks  were  graded  from  easy 
to  difficult  and  credits  were  given  as  is  done  in  industry  only 
for  those  actually  completed? 

Is  it  not  probable  that  this  system  of  awarding  credit  on 
the  basis  of  achievement  rather  than  on  the  basis  of  time 
would  give  to  students  a  real  incentive  for  real  accomplish- 
ment as  it  has  to  workmen? 

Industrial  managers  not  only  spend  hours  and  days  of 
study  in  adapting  the  task  to  the  workman ;  they  take  great 
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pains  to  see  that  each  worker  is  carefully  instructed  in  the  most 
efficient  methods  of  doing  his  work.  May  it  not  be  that  more 
time  could  be  spent  to  advantage  in  instructing  students  in 
the  most  efficient  methods  of  doing  their  work,  instead  of 
leaving  them  to  devise  their  own  methods  of  study  ? 

Thus  the  first  hypothesis  that  is  suggested  to  explain  the 
high  mortality  and  excessive  percentages  of  low  grades  is 
that  the  method  of  awarding  credit  on  the  basis  of  time,  the 
acceptance  of  a  60  per  cent  standard  of  accomplishment  and 
the  assignment  of  tasks  that  are  not  adapted  to  his  abilities 
gives  the  student  no  adequate  incentive  to  achievement  and 
encourages  him  in  "soldiering"  and  in  bluffing  his  way 
through. 

Soldiering  alone  does  not  explain  all  the  cases  of  failure 
and  low  grades.  Many  of  those  who  are  dropped  from  engi- 
neering schools  should  be  dropped  because  they  have  no  real 
inclination  or  ability  for  engineering  work.  A  number  of 
those  dropped,  however,  persist  in  engineering  work  and  suc- 
ceed in  spite  of  their  academic  shortcomings.  Why  are  so 
many  young  men  with  pronounced  engineering  talent  unable 
to  make  good  in  the  engineering  schools? 

In  one  school  some  74  per  cent  of  the  graduates  had  had 
trouble  in  mechanics.  The  work  of  the  class  consisted  in  the 
solution  of  many  problems — apparently  an  excellent  plan. 
But  the  first  problems  of  the  course  were  these:  Find  the 
center  of  gravity  of  an  equilateral  triangle.  Find  the  center 
of  gravity  of  the  area  included  between  three  sides  of  a  square 
and  the  semicircle  described  on  the  fourth  side  as  a  diameter. 
Find  the  center  of  gravity  of  the  area  bounded  by  a  given 
hyperbola,  its  asymptotes  and  given  coordinates.  No  models 
were  supplied. 

The  use  of  these  strictly  Archimedean  problems  was  de- 
fended on  the  ground  that  the  analytical  processes  involved 
in  their  solution  were  those  needed  the  following  term  in  the 
solution  of  problems  in  strength  of  girders.  Yet  74  per  cent 
of  these  same  students  had  trouble  with  this  later  course. 
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Why  not  give  the  real  problems  first  ?  In  the  University  of 
"Washington,  the  course  in  mechanics,  given  by  Professor  C. 
C.  More,  is  made  up  almost  entirely  of  a  series  of  real  prob- 
lems or  projects  of  the  grade  usually  found  in  such  courses. 
This  work  was  originally  given  in  the  third  year  because 
calculus  was  a  prerequisite.  The  third-year  men  have,  how- 
ever, mastered  it  so  readily  that  next  year  it  will  be  given, 
calculus  and  all,  to  the  freshmen.  In  like  manner  Professor 
Bird,  of  the  University  of  Virginia,  finds  that  laboratory 
problems  very  similar  to  those  given  in  other  schools,  to  seniors 
in  chemical  engineering  can  be  successfully  mastered  by 
freshmen. 

These  examples  define  the  second  hypothesis  that  is  sug- 
gested to  explain  the  high  percentages  of  failure  and  of  low 
grades ;  namely,  the  work  is  not  too  hard,  but  it  is  presented 
in  so  abstract  a  manner  that  it  has  little  or  no  meaning  to  the 
students. 

If  these  hypotheses  are  correct,  the  problem  before  the 
schools  is  that  of  removing  these  two  causes  of  failure.  To 
do  this,  academic  credit  must  be  made  to  depend  directly  and 
objectively  on  achievement ;  and  the  work  must  be  made  more 
concrete. 

This  statement  has  been  derived  from  an  analysis  of  the 
work  of  the  schools.  Yet  the  problems  which  it  defines  are 
the  same  as  those  defined  by  the  history  of  the  engineering 
schools.  For  when  the  practical  arts  are  introduced  into  the 
schools  in  such  a  way  that  all  may  share  their  educational 
value,  the  work  becomes  concrete  and  impelling  to  the  student. 
And  when  academic  credit  is  awarded  on  the  basis  of  real 
achievement,  efficiency  and  individual  initiative  increase 
together. 

The  solution  of  these  problems  will  require  much  careful 
experimenting  and  study  on  the  part  of  teachers;  but  as 
progress  is  made  the  schools  will  find  that  they  are  each  year 
better  able  to  meet  the  demands  of  the  engineering  profession. 
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For  character,  judgment,  efficiency  and  an  understanding 
of  men— those  personal  qualities  that  make  up  75  per  cent  of 
the  engineer's  equipment— develop  best  in  men  who  love  their 
work  and  who  labor  with  enthusiasm  and  intelligence  at 
things  which  they  know  to  be  worth  while. 

DISCUSSION. 

Professor  E.  F.  Chandler:  ^e  have  had  the  habit  for 
several  years  of  giving  a  rapid  examination  in  elementary 
algebra,  along  in  the  first  week.  It  is  chiefly  of  short,  easy 
questions  or  problems  to  be  very  quickly  answered  or  solved. 
It  is  somewhat  on  the  order  of  mental  arithmetic,  you  might 
say.  If  they  already  had  presented  high-school  credits  in 
algebra,  but  do  not  pass  this  examination,  they  are  required 
either  to  drop  the  subject  or  else  to  enroll  extra  in  a  drill 
class  for  which  no  semester-hour  credits  are  awarded.  I  think 
we  borrowed  this  test  from  Wisconsin  to  some  extent. 

Mr.  Desmond  FitzGerald:  I  want  to  know,  Dr.  Mann,  ex- 
actly what  place  this  examination  takes  in  the  general  scheme 
of  finding  the  best  method  for  engineering  education.  Is  it  the 
first  of  a  series  of  tests  you  have  in  mind,  of  ascertaining  and 
applying  all  through  the  curriculum  to  ascertain  whether  you 
are  producing  efficient  engineering  education? 

Professor  J.  R.  Benton :  :May  I  ask  whether  the  purpose  of 
these  measurements  is  to  ascertain  different  kinds  of  ahility 
as  distinguished  from  mere  acquirements  in  the  different  lines 
of  knowledge? 

Dr.  C.  R.  Mann :  We  hope  to  find  tests  that  will  test  ability. 
If  we  all  go  to  work  to  find  them,  we  will  find  them. 

Professor  F.  W.  Sperr :  I  would  like  to  ask  Dr.  Mann  if  he 
did  not  ask,  ''Are  we  adapting  our  instruction  to  suit  the 
grade  of  preparation  here  indicated?"  I  think  that  is  the 
meat  of  the  whole  subject;  and  it  seems  to  me  that  a  most  im- 
portant question  is,  * '  How  are  we  willing  or  able  to  adapt  our 
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instnietion  to  the  peculiar  preparation  of  the  student  who 
comes  to  us?"'  In  certain  institutions  we  may  be  able  to 
adapt  our  instruction  to  a  wide  range  of  preparation.  Yet  I 
know  from  actual  experience  that  at  the  end  of  three  years' 
labor  with  men  who  have  not  been  in  school  at  all  since  they 
were  seven  or  eight  years  old,  and  who  perhaps  know  only  the 
first  rules  of  arithmetic,  you  can  scarcely  tell  the  difference  be- 
tween them  and  one  who  was  a  high-school  graduate. 

"While  the  high-school  graduate  may  require  four  years  to 
complete  the  engineering  course,  one  of  these  men  will  com- 
plete the  course  with  credit  in  five  years,  taking  just  a  little 
longer.  But  it  is  a  question  of  adapting  the  instruction  to  the 
man's  preparation.  In  one  institution  with  which  I  was  con- 
nected, an  attempt  was  made  to  take  in  men  of  that  class  for 
a  short  course  in  engineering.  The  men  were  supposed  to  go 
into  the  regular  college  class  in  algebra  and  were  expected 
to  prepare  themselves  in  the  textbook  through  simple  equa- 
tions before  they  came  in.  If  this  plan  had  been  strictly  ad- 
hered to,  the  experiment  would  have  been  an  absolute  failure ; 
but  as  it  happened,  the  three  men  who  came  to  try  out  the  ex- 
periment came  to  me  after  about  two  weeks  of  fruitless  en- 
deavor, and  argued  very  pointedly  that  the  experiment 
would  mean  failure,  because  they  had  not  been  in  school  since 
they  were  seven  or  eight  years  old  and  could  not  be  expected 
to  compete  with  men  who  had  been  in  school  all  their  lives. 
When  I  asked  them  what  was  the  trouble,  they  said  they  could 
not  learn  that  algebra.  Now,  based  on  their  pre\'ious  experi- 
ence I  gave  them  some  practical  algebra  to  show  them  how  to 
solve  some  of  the  difficulties  with  which  they  had  struggled 
many  times.  They  said :  "  Is  that  algebra  ? "  I  said :  ' '  Surely, 
that  is  algebra."  "Well,  they  never  gave  it  to  us  that  way." 
"Well,  I  can  teach  you  algebra,  and  I  know  you  can  learn 
it."  "Well,  will  you  teach  us?"  And  I  did  undertake  to 
teach  them. 

The  following  year  some  eighteen  or  twenty  of  that  class 
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of  men  came  in  for  the  short  course  and  one  of  them,  after  a 
year  of  the  regular  short-course  work,  took  on  a  lot  of  extra 
work  the  second  year  and  led  the  college  class  in  calculus. 
That  is  a  simple  illustration  of  what  can  be  done  by  adapting 
the  instruction  to  the  man's  preparation,  beginning  with  what 
he  is  able  to  understand  and  building  up  on  that.  I  think 
we  can  reduce  the  percentage  of  those  who  fall  out,  and  raise 
the  number  of  those  who  get  through.  Fifty  per  cent, 
failures  seems  too  high.  I  don't  think  it  is  as  high  as  that 
at  our  institution.  I  know  that  a  high  percentage  of  failures 
is  quite  popularly  regarded  as  an  evidence  of  the  "stiffness" 
of  the  courses ;  but  is  it  not  rather  an  evidence  of  the  stiffness 
of  the  instruction  ? 

Dean  C.  L.  Cory:  Mr.  President.  I  hesitate  to  interrupt,  but 
personally  I  have  not  considered  that  the  discussions  so  far 
this  afternoon  have  been  much  more  than  intermpting  the 
speaker.  These  interruptions  perhaps  have  been  desired  by 
Dr.  ]\Iann;  nevertheless  it  has  certainly  not  been  a  formal  or 
proper  discussion  of  this  most  important  subject. 

In  my  opinion  this  phase  of  the  problem  of  engineering 
education  is  the  most  important  one  that  we  have  to  consider. 
I  don't  know  how  we  are  to  define  character,  judgment  and 
the  other  desirable  attributes  of  the  engineer,  but  it  is  evident 
that  these  personal  characteristics  are  most  important.  I 
therefore  would  like  to  request  that  a  special  session  be  held 
for  the  discussion  of  the  subject  presented  by  Dr.  Mann. 

Professor  Wm.  Kent:  Dr.  Mann  wants  us  to  show  how  he 
is  on  the  wrong  track.  I  have  been  making  a  study  in  the 
same  direction  for  thirteen  yeai-s,  at  least,  how  to  find  out 
how  we  shall  get  hold  of  the  proper  pedagogical  methods.  I 
have  contributed  something  to  the  Society  in  an  experiment  in 
teaching  freshman  English,  which  is  the  result  of  thirteen 
years'  study  of  that  subject.  All  I  have  to  say  is  that  Dr. 
Mann  is  on  exactly  the  right  track.  He  is  going  in  the  right 
direction ;  and  while  I  did  criticize  his  questionnaire,  I  think 
he  has  got  the  right  idea  himself  now. 

I  have  made  a  little  pedagogical  examination  which  I  think 
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is  worth  contributing  here.  I  tried  to  teach  my  grand- 
daughter penmanship.  I  got  her  to  get  a  copybook,  but  found 
that  her  writing  was  too  poor  for  this,  so  I  got  lier  to  try  to 
make  five  straight  lines  on  the  ruled  paper — just  simple 
slanted  lines.  I  made  five,  myself,  as  well  as  I  could.  Then 
I  said  to  her:  "Now,  I  want  you  to  keep  these  five  strokes  all 
of  the  same  height,  all  on  the  same  level  at  top  and  bottom, 
all  the  same  distance  apart  at  top  and  bottom,  and  all  showing 
the  same  amount  of  pressure,  the  same  amount  of  ink  on 
them."  So  she  made  the  five  lines;  and  they  violated  every 
one  of  the  standards  I  had  laid  down.  I  showed  her  the 
errors.  She  said,  "I  see;  I  see."  I  told  her:  "You  have 
seen  what  the  trouble  is;  now  see  if  you  can  do  it  better." 
Before  she  got  through  she  said :  "  I  can 't. "  I  said :  * '  There 
is  the  whole  thing." 

The  teaching  of  penmanship  is  like  studying  the  piano. 
The  child  must  first  educate  the  eye,  and  then  educate  the 
fingei-s  to  do  what  the  will  wants  them  to  do.  The  eye 
recognizes  the  note  to  be  struck,  and  the  fingers  are  then 
directed  by  the  will  to  strike  that  note.  She  had  not  been 
trained  in  this.  The  study  of  penmanship  is  a  serious  matter. 
Then  I  found  that  two  more  things  were  needed — will  and 
ambition.  She  did  not  have  either.  There  were  things 
needed  in  that  little  simple  thing  of  making  five  straight  lines, 
and  I  think  these  same  things  come  in  in  every  phase  of  educa- 
tion. If  you  can  have  a  person  see  a  thing;  then  try  to 
execute  that  thing ;  if  he  has  will  and  ambition,  and  perseveres 
in  doing  the  thing,  he  will  accomplish  it.  That  is  the  con- 
tribution I  have  to  mal^e  on  that  point. 

President  E.  A.  Alderman:  I  feel  very  humble  in  an  audi- 
ence of  engineers.  I  do  not  feel  that  I  have  the  right  at  all 
to  attempt  to  instruct  them.  But  I  was  deeply  impressed  with 
the  conclusion  of  Dr.  Mann.  If  I  am  not  misquoting  him, 
it  is  as  if  he  has  said  to  this  company  of  men :  ' '  The  con- 
clusion of  the  whole  matter  is  that  if  you  want  to  improve 
engineering  teaching  in  America,  you  must  get  down  to  the 
study  of  how  to  teach  scientifically.     You  must  really  take 
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seriously  what  has  been  thought  of  sometimes  contemptuously, 
sometimes  with  a  sneer,  as  a  mass  of  worthless  empiricisms,  the 
thing  known  as  educational  science  and  work  out  in  a  scientific, 
patient  way  the  methods  by  which  access  to  the  learning  mind 
may  be  reached  in  the  way  that  mind  naturally  learns  and 
grows,  as  was  very  beautifully  illustrated  by  Mr.  Kent  in  his 
experience  with  his  granddaughter  and  the  five  lines. 

So  as  a  teacher,  as  one  who  has  taught  and  is  a  student  of 
education — because  that  was  my  original  field — I  have  a  sense 
of  elation  and  gratification  to  be  present  here  in  a  meeting  of 
engineers,  perhaps  the  most  important  meeting  of  engineers 
that  could  be  held  in  America,  to  hear  a  man  who  has  made  a 
scientific  study  of  the  whole  subject  come  to  the  great  con- 
clusion that  there  is  in  posse  if  not  in  esse  a  science  of  educa- 
tion, and  that  all  those  who  teach  engineering,  with  all  its 
science  and  all  its  practicality,  are  not  above  learning  its 
essential  principles. 

Dr.  Mann:  My  observation  would  confirm  what  Dr.  Bishop 
has  said;  that  is,  that  technical  subjects  do  seem  to  be  more 
efficiently  taught  than  the  theoretical  subjects.  It  is  not  that 
the  technical  men  are  better  instructors,  or  better  masters  of 
pedagogy;  but  it  seems  to  me  that  it  is  because  they  are  in 
immediate  touch  with  real  things;  and  the  student  gets  a  con- 
ception of  the  fact  that  the  problem  is  real. 

This  raises  a  very  interesting  question,  namely,  whether  we 
do  not  make  a  mistake  in  putting  generalized,  abstract  sub- 
jects at  the  beginning  of  the  course.  "We  have  chemistry  in 
the  first  year;  physics  in  the  second  year;  mechanics  in  the 
third  year;  calculus  usually  in  the  second  year;  and  we  say 
it  is  impossible  for  a  man  to  do  his  mechanics  until  he  has  had 
calculus,  for  instance.  So  we  proceed  to  teach  him  this  highly 
developed,  to  him  utterly  abstract  subject,  in  order  that  he 
may  prepare  for  mechanics,  which  comes  later.  It  is  another 
of  those  preparedness  fallacies. 

The  experiment  is  being  tried  in  Seattle,  "Washington — and 
there  is  a  gentleman  here  from  Seattle  who  might  tell  us  of 
this — by  Professor  More,  in  the  department  of  mechanics,  who 
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has  been  teaching  mechanics  by  means  of  a  series  of  projects. 
He  does  not  demonstrate  theoretical,  abstract  theorems  before 
the  class,  and  then  draw  conclusions;  and  say,  ''Now,  this  is 
the  application  of  mechanics. ' '  He  takes  real  situations,  and 
describes  them  to  his  students,  putting  them  before  the  boys 
as  projects.  What  are  you  going  to  do  under  such  and  such 
conditions?  From  such  real  problems  he  gradually  evolves 
the  whole  subject.  The  work  is  all  done  in  the  class;  and 
he  has  been  so  successful  that  he  is  going  to  transfer  the  study 
of  mechanics  to  the  freshman  year  next  year,  so  that  the 
freshmen  may  experience  the  joy  during  their  first  year  of 
ha\dng  something  real  come  into  their  lives. 

Professor  A.  M.  Greene:  I  would  like  to  ask  if  Dr.  Mann 
has  endeavored  to  get  from  members  of  the  other  professions 
what  their  requirements  for  a  successful  professional  man 
would  be.  It  seems  to  me  that  if  the  doctor  and  the  lawyer 
were  asked  the  same  question  as  has  been  asked  the  engineer, 
we  would  probably  find  that  their  seventy-five  per  cent,  of 
requirements  would  be  requirements  of  character,  and  that 
twenty-five  per  cent,  would  be  knowledge  and  technique.  It 
seems  to  me  that  the  requirements  which  Dr.  Mann  has  found 
through  his  questionnaire  are  really  the  requirements  of  life. 
The  successful  man  must  be  a  man  of  integrity,  a  man  who 
is  honest  and  true ;  and  then  along  with  that,  twenty-five  per 
cent,  of  professional  excellence.  I  wish  that  some  report 
could  be  made  along  that  line  also,  if  possible. 

Dr.  Mann :  The  answer  to  that  is  Mr.  Dewey 's  famous  say- 
ing, "Education  is  not  preparation  for  life:  it  is  life."  The 
requirements  for  the  engineer  are  identical  with  the  require- 
ments for  the  doctor,  except  that  you  must  change  one  word. 
If  you  change  "engineering  science"  to  "medical  science," 
then  you  have  the  doctor.  Change  it  to  "legal  science,"  and 
you  have  the  lawj^er. 

Dean  Cory:  Yesterday  President  Alderman  said — and  if  I 
quote  him  inaccurately  I  trust  he  will  correct  me — he  believed 
that  of  all  professional  men  the  engineer  should  be  able  to 
think  straight. 
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Certainly  the  engineer  sliould  be  able  to  think,  and  to 
think  straight.  Last  year  at  the  Ames  meeting  of  the  Society 
I  made  an  appeal  for  the  teaching  of  the  fundamentals  of 
engineering,  and  particularly  for  the  teaching  of  students  to 
think ;  not  only  to  think,  but  to  think  straight  and  to  keep  on 
thinking  to  the  end.  This  is  the  work  of  the  man  who  under- 
takes to  teach  engineers. 

Dr.  Mann  has  said  "education  is  life,"  and  I  have  only 
words  of  commendation  not  only  for  the  information  that  this 
committee  has  placed  before  us,  but  for  the  manner  in  which 
it  has  been  done  by  Dr.  Mann.  I  think  it  is  obvious  to  us 
that  the  information  placed  upon  the  blackboard  yesterday 
came  from  the  best  possible  sources;  from  the  men  who  have 
the  best  ability  to  estimate  our  university  graduates. 

These  engineering  graduates  leave  the  university,  they  enter 
the  world  to  work,  the  employers  of  these  young  men  have 
given  to  the  committee  their  idea  of  what  these  young  men 
should  be,  and  as  a  result  we  have  what  has  been  called  ' '  the 
yardstick  of  the  engineer."  It  is  in  reality  the  yardstick  of 
life.  I  have  heard  it  said  here  at  this  meeting  that  perhaps 
we  have  not  gotten  the  truest  measure  of  the  situation.  Pos- 
sibly we  have  not,  but  it  seems  to  me  unquestioned  that  the 
work  the  engineer  has  to  do  to-day  is  very  much  broader  and 
far-reaching  than  when  many  of  us  graduated  from  the  uni- 
versities twenty-five  or  thirty  years  ago. 

I  want  to  say  a  few  words  as  to  the  duty  of  the  teachers  and 
their  relation  to  the  students.  You  cannot  possibly  develop 
character  in  a  man  unless  you  come  into  personal  contact 
with  him.  There  is  not  a  teacher  in  this  room  who  can  ma- 
terially affect  the  character  of  the  members  of  his  class  when 
he  has  100  or  150  students  in  the  class.  Under  such  condi- 
tions personal  influence  is  well  nigh  impossible.  In  this  con- 
nection I  beg  to  suggest  for  your  consideration  the  experi- 
ment we  have  tried  in  the  engineering  colleges  at  the  University 
of  California.  We  were  considerably  concerned  because  so 
many  students  dropped  out  at  Christmas  time  or  at  the  end 
of  the  vear  semester.     Students  as  well  as  instructors  gen- 
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erally  refer  to  this  catastrophe  as  ''flunking."  Our  half- 
year  is  about  eighteen  weeks  in  length.  At  the  end  of  the 
first  six  weeks  every  instructor  is  requested  to  send  to  the 
officer  of  the  recorder  the  names  of  all  the  students  in  his 
classes  who  are  deficient  either  in  scholarship  or  attendance. 
A  copy  of  the  report  from  the  recorder's  office  showing  the 
deficiencies  of  each  student  is  sent  to  the  dean  of  the  college 
in  which  such  student  is  enrolled.  Another  copy  is  sent  to 
his  parents,  another  to  his  fraternity  or  club,  and  a  final  copy 
is  sent  to  the  student  himself. 

"When  a  batch  of  these  reports  is  received  in  my  office,  for 
instance,  the  report  of  each  particular  student  is  pasted  on  a 
piece  of  ordinary  letter  paper  8V2  X  H  inches  in  size.  The 
young  man  is  requested  to  call  at  the  office  and  when  he  comes 
he  is  asked  wherein  his  difficulty  lies,  and  why  his  work  has 
not  been  up  to  the  mark.  At  the  end  of  the  second  six  weeks 
of  the  term  a  similar  mid-term  report  is  received  and  this  is 
also  placed  upon  the  same  piece  of  paper.  At  the  end  of  the 
third  six  weeks  we  have  the  final  mark  for  the  term,  and  this 
is  also  available  in  the  office  of  the  dean.  As  a  result,  each 
student  who  is  not  doing  satisfactory  work  has  a  record  kept 
at  intervals  of  six  weeks,  and  he  has  an  opportunity  to  discuss 
with  the  dean  of  his  college  the  whole  subject  of  his  scholar- 
ship. 

Let  me  tell  you  what  has  occurred.  Of  a  freshman  class 
of  about  200  in  the  college  of  mechanics  we  find  that  in  the 
first  six  weeks  from  150  to  160  will  get  one  or  more  deficiency 
reports.  That  of  course  does  not  mean  that  all  of  the  students 
are  seriously  deficient;  it  simply  means  that  a  great  number 
will  have  a  deficiency  report  in  a  single  subject.  There  are, 
however,  some  who  achieve  the  distinction  of  having  deficiency 
reports  in  nearly  all  of  the  subjects  taken  by  them. 

In  this  way  we  have  each  man's  record  complete.  These 
records  are  classified  as  to  the  subjects  in  which  the  student 
is  deficient.  As  a  result  I  can  assure  you  that  we  have  learned 
something  about  the  courses  of  study  and  the  way  they  are 
given.     When  we  find  that  40  to  50  per  cent,  of  tlie  students 
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are  deficient  in  any  particular  course  our  Committee  on  In- 
struction of  the  Engineering  Division  begins  to  examine  that 
course  rather  carefully.  "We  are  honest  enough  with  the 
student  to  look  into  the  details  of  the  way  such  a  course  is 
given,  and  ascertain  whether  the  excess  of  deficiencies  is  not 
due  more  to  the  course  than  to  the  students  themselves.  One 
must  not  forget  that  you  can  not  develop  character  in  a  man 
if  he  feels  that  he  is  not  being  treated  fairly.  The  end  of 
the  term  arrives.  More  often  than  otherwise  during  the  term 
the  student  has  been  encouraged  by  these  personal  conferences 
with  his  dean.  At  such  conferences,  however,  it  is  made  clear 
to  him  that  unless  his  work  improves  he  will  not  be  able  to 
complete  his  course  and  may  not  be  "among  those  present" 
during  the  second  half  year.  He  must  receive  passing  marks 
in  one  half  of  the  units  he  is  taking  in  any  term  in  order  to 
continue  in  college.  For  the  athlete  he  must  pass  two  thirds 
of  the  units  in  which  he  is  enrolled  in  order  to  represent  the 
university  in  any  intercollegiate  contest. 

All  this  means  personal  meetings  on  the  part  of  someone 
in  the  faculty  with  some  100  to  200  men  in  order  to  find  out 
the  individual  difficulties  these  men  are  encountering  in  their 
college  courses.  It  came  to  my  mind  yesterday  when  Dr. 
Mann  was  talking  of  the  tests  which  could  be  applied  to  deter- 
mine whether  a  student  is  qualified  to  study  engineering. 
These  reports  make  it  possible  for  us  to  differentiate  between, 
for  instance,  the  young  man  who  has  had  inferior  prepara- 
tion and  who  is  working  perhaps  in  an  automobile  repair  shop 
so  that  he  can  support  himself  while  going  to  college,  and  the 
young  man  who  has  had  the  best  possible  opportunities  in 
preparation  but  who  is  handicapped  by  an  overfond  grand- 
mother who  is  continually  worrying  about  the  health  of  her 
only  grandson,  fearing  that  he  may  study  too  hard.  It  is 
very  much  worth  while  to  be  able  to  differentiate  between  these 
two  classes  of  students,  and  I  beg  to  suggest  that  possibly  some 
such  method  of  finding  out  whether  a  man  is  qualified  to  be- 
come an  engineer  or  not  is  a  better  test,  since  it  is  carried 
through  an  entire  term  of  work,  than  if  we  attempted  to  arrive 
at  the  same  result  in  a  less  thorough  manner. 
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Personally  I  have  found  that  these  meetings  or  conferences 
with  students  are  mutually  beneficial.  The  personal  and 
human  side  is  brought  to  the  surface.  Possibly  character  is 
developed.  Certainly  the  necessity  for  conscientious  work  is 
brought  home  to  the  student.  The  value  of  service  is  accen- 
tuated. The  things  he  must  do  in  life  to  succeed  are  pointed 
out.  Dr.  Mann's  report  for  the  committee  indicates  that  all 
of  these  are  perhaps  more  than  ever  required  at  the  present 
time. 

Dean  W.  M.  Thornton:  This  subject  has  been  already  pre- 
sented from  many  points  of  %'iew.  ]\Iy  point  of  view  is  that  of 
a  man  who  has  been  teaching  for  forty  years  in  this  work.  I 
am  going  to  venture  to  say  that  the  results  of  the  analysis 
Dr.  ^lann  has  given  to  us  confirm  verj*  clearly  the  lessons  I 
have  learned  from  my  classroom  experience ;  but  in  a  way 
somewhat  different  from  the  way  in  which  he  interprets  them. 

My  experience  is  this :  that  any  teacher  who  tries  to  indi- 
vidualize his  men  could  form  a  class  in  which  ninety-five  per 
cent,  of  the  men  would  be  able  to  do  the  work.  Almost  every- 
body makes  a  few  mistakes  in  classif\nng  students :  but  in 
general  I  should  say  ninety-five  per  cent,  could  be  correctly 
placed  by  a  careful  teacher.  As  it  is,  we  get  perhaps  fifty  per 
cent,  past  the  grade  line.  My  own  belief  is  that  this  differ- 
ence represents  differences  of  character,  not  of  qualification, 
not  of  ability.  Almost  any  one  of  that  ninety-five  per  cent, 
of  the  class,  if  he  will  apply  himself  earnestly  and  consistently 
and  courageously,  can  do  the  work,  and  do  it  very  well.  Those 
who  break  down,  break  down  through  lack  of  character.  They 
break  down  because  the\-  have  not  courage,  because  they  have 
not  faith,  because  they  are  self-indulgent,  because  they  are 
spoiled  by  having  too  much  money. 

!Most  college  failures  are  failures  of  character.  Most  stu- 
dents fail  because  they  have  not  the  grit  to  succeed ;  and  for 
no  other  reason  in  the  world.  Any  plan,  it  seems  to  me,  that 
says  we  are  going  to  get  them  all  through,  is  not  a  plan  to 
build  up  character.  Character  will  be  built  up  by  letting  the 
students  know  they  must  exert  the  moral  qualities  we  want 
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them  to  have.  If  they  cannot  exert  those  qualities,  they  will 
fail. 

The  examination  is  a  test  of  character.  It  is  not  so  much 
a  test  of  the  ability  of  tl^e  teacher  to  teach;  because  we  are 
all  doing  our  level  best.  To  me  every  examination  period  is  a 
period  of  penance.  I  think  all  teachers  hate  to  reject  a  man. 
To  many  it  is  a  genuine  pain  and  a  humiliation.  But  we  have 
to  reject  them;  not  because  the  subject  has  not  been  taught 
properly;  not  because  the  teaching  has  been  directed  above 
the  heads  of  the  students ;  but  because  the  men  have  not  done 
their  work,  have  laid  down,  have  not  had  the  grit  or  char- 
acter necessary  to  command  success.  The  chief  object  of 
teaching  is  to  build  up  character.  I  do  not  believe  that  all  the 
pedagogical  work  in  the  world  will  ever  revise  that. 

Professor  F.  F.  Thompson :  It  might  seem  neeessarj^,  for  the 
sake  of  the  able  man  with  poor  preparation,  who  perhaps 
would  fairly  come  in  as  a  conditioned  student,  that  the  ad- 
mission test  should  not  be  too  severe.  There  are  many  such 
cases  that  have  occurred  in  my  experience,  of  men  coming  up 
with  poor  preparation,  who  perhaps,  strictly  speaking,  ought 
not  to  be  admitted;  but  after  such  a  man  is  in  the  class  for 
three  months  he  has  demonstrated  thoroughly  that  he  is  fully 
entitled  to  go  on.  It  is  difficult  to  get  a  test  which  will  let 
this  man  in,  and  keep  the  poor  stick  out. 

Dr.  Mann:  That  is  the  point  we  want  to  hit.  Is  it  possible 
to  get  a  test  more  or  less  independent  of  the  particular  tech- 
nique of  mathematical  ability  ? 

Professor  Thompson:  Isn't  it  a  fact' that  after  the  first 
month  or  six  weeks  of  this  man's  presence  in  college,  when  he 
is  in  a  new  environment,  he  is  all  at  sea,  perhaps ;  and  when 
he  is  given  the  test,  he  breaks  down,  possibly.  Put  him  to  a 
more  severe  test  a  month  or  two  later,  and  he  will  go  through 
with  bells  on.  He  has  found  himself,  "^hat  are  we  going  to 
do  about  that? 

I  think  that  if  they  could  find  a  real  test  for  ability,  :\Ir. 
Carnegie's  millions  would  look  like  thirty  cents. 
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Professor  H.  S.  Philbrick:  This  report  is  very  interesting 
and  very  helpful;  but  I  wonder  if  it  has  met  the  entire  situ- 
ation. Perhaps  it  is  not  intended  that  it  should,  at  this  time. 
Dr.  Mann  has  assumed  that  the  division  of  seventy-five  and 
twenty-five  per  cent,  means  something;  suppose  we  go  on 
that  assumption.  The  report  has  confined  itself  almost  en- 
tirely to  the  twenty-five  per  cent.,  pointing  out  how  properly 
to  handle  these  things  which  come  in  the  twenty-five  per  cent. 
The  suggestions  made  are  very  pertinent.  We  must  do  the 
thing,  and  do  it  right. 

But  suppose  we  do  do  it ;  then  what  about  the  seventy-five 
per  cent.  ?  One  of  two  things  should  happen,  I  think.  One  is 
that  the  engineering  schools  should  either  disclaim  the  re- 
sponsibility for  the  seventy-five  per  cent.,  or  should  find  out 
just  what  that  responsibility  is,  and  find  out  how  to  meet  it. 
Character  certainly  can  be  strengthened  by  proper  teaching 
and  by  proper  studying :  but  it  cannot  be  done  wholly  in  that 
way.  Men  have  broken  down  in  character  who  have  been 
good  students ;  a  man  may  be  a  good  student  and  lack  common 
sense ;  he  may  be  a  good  student  and  lack  the  ability  to  judge 
men. 

I  would  like  to  ask  Dr.  ^Mann  if  he  would  propose  to  study 
that  seventy-five  per  cent.,  and  find  out  what  the  limit  of  re- 
sponsibility is  which  the  engineering  schools  should  assume, 
and  how  they  should  tackle  the  problem.  I  think  that  seventy- 
five  per  cent.,  if  we  assume  that  the  engineers  are  right  in 
their  percentage,  should  be  scrutinized  as  carefully  as  the 
twenty-five  per  cent,  has  been. 

Mr.  C.  R.  Dooley :  I  would  answer  the  last  speaker  this  way : 
Teach  the  subjects  included  in  the  seventy-five  per  cent,  group 
by  means  of  those  included  in  the  twenty-five  per  cent,  group, 
using  the  latter  as  tools. 

I  would  like  to  add  to  what  Dean  Thornton  has  said,  that 
in  our  experience  of  those  who  fail,  practically  all  fail  through 
some  defect  in  the  human  or  character  side,  and  not  through 
lack  of  technical  ability. 

In  Dr.  ^lann's  closing  remarks,  he  inferred  rather  point- 
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edlj'  that  the  student's  difficulty  lies  in  his  inability  to  see 
some  tangible  meaning  to  the  theory  he  is  studjdng.  Per- 
haps an  example  will  throw  light  on  the  subject. 

Some  eight  years  ago ,  we  established  class  instruction  in 
shop  problems  for  our  trade  apprentices.  These  boys  had  left 
the  public  school,  as  thoroughly  disgusted  with  public  school 
life  as  any  boys  could  be ;  within  three  weeks  they  were  carry- 
ing problems  home  with  them  and  working  them  out  with 
astonishing  enthusiasm.  These  problems  dealt  with  the 
things  of  their  daily  work  and  then  we  always  gave  the  prob- 
lem first  and  the  method  of  solution  afterward.  A  simple 
illustration :  The  value  of  tt  must  be  learned  some  time.  Up 
to  that  time  the  boy  has  been  figuring  volumes  of  rectangular 
form.  One  morning  he  is  confronted  by  a  straight-sided 
round  bottom  can.  The  problem  is.  How  much  transformer 
oil  will  the  can  hold?  Very  suddenly  he  finds  he  must  know 
the  relation  between  circular  and  square  areas.  With  wooden 
discs  of  various  sizes  and  a  steel  tape  he  begins  to  find  this 
mysterious  relation  of  circumference  to  diameter  and  under 
the  guidance  of  the  teacher  he  works  out  his  conception  of  it 
— not  because  tt  is  worth  ami:hing  under  heaven,  but  because 
it  is  necessary  to  get  the  amount  of  oil  that  can  will  hold. 

The  same  thing  is  done  in  percentage  and  proportion.  All 
the  book  rules  on  proportion  are  absolutely  useless  when  the 
boy  once  gets  the  fundamental  principle.  There  is  no  such 
thing  as  compound  proportion.  Such  problems  are  merelj' 
simple  proportion  repeated  for  each  separate  condition. 
There  is  no  need  for  compound  interest,  for  such  problems 
are  merely  simple  interest  repeated  with  a  new  principal.  In 
all  problems  the  method  has  been  a  mere  incident,  a  neces- 
sary tool  to  use  to  get  a  result  which  is  generally  recognized 
as  a  vital  part  of  some  man's  job. 

Some  one  has  spoken  about  records.  Instead  of  keeping 
them  in  guarded  books,  we  post  them  on  the  walls  or  in  open 
books.  We  have  350  trade  apprentice  boys,  and  150  college 
graduates  and  everyone's  record  is  open  to  public.  We  have 
yet  to  find  the  first  disgruntled  feeling.     On  ^he  other  hand, 
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there  is  a  very  decided  degree  of  enthusiasm  over  maintain- 
ing high  records, 

I  would  like  to  give  you  a  few  figures,  to  add  to  Dr.  Mann 's 
report.  We  visit  the  technical  schools  of  the  country  every 
year.  In  1915  the  schools  of  electrical  engineering  graduated, 
roughly,  1600  men.  AYe  visited  sixty-five  of  these  schools, 
and  interviewed  (one  man  at  a  time)  over  600  of  these  men. 
We  labelled  a  little  less  than  one  third  of  them  as  men  we 
would  be  willing  to  take  chances  on.  Or  to  put  it  another 
way,  400  of  them  (25  per  cent,  of  the  total)  did  not  qualify. 
I  am  sure,  too,  that  you  would  pass  the  same  judgment  that 
we  did,  I  can  give  you  a  hint  at  the  reason.  Every  single  one 
of  those  we  were  doubtful  about,  failed  to  impress  us  as  a  man 
of  power  to  do  things.  In  many  instances  where  we  had  a 
chance  to  give  this  information  to  the  candidates  and  the 
reply  comes  back  to  us,  ''I  wish  to  goodness  somebody  had 
told  me  that,  years  ago.  I  did  not  know  I  would  be  judged 
by  such  things, ' ' 

We  had  over  a  thousand  employees  attending  The  Casino 
Technical  Night  School  last  winter.  The  night  school  teach- 
ers have  been  picked  from  the  rank  and  file  of  employees; 
but  they  are  all  men  who  are  especially  able  in  their  par- 
ticular subjects.  Not  a  single  one  is  a  trained  teacher.  They 
know  little  of  the  theory  of  teaching  but  by  their  intimate 
knowledge  of  the  actual  work  and  their  interest  in  helping 
young  men  along  they  are  well  qualified  for  the  job.  They 
know  the  daily  problems  of  the  boys  because  they  live  and 
work  with  them.  They  have  sympathy  for  the  students.  The 
teachers  are  not  handicapped  by  a  lot  of  poor  students,  A 
student  whose  grandmother  sends  him  to  school  isn't  there. 
We  have  only  the  live  ones. 

The  enthusiasm  and  interest  are  great ;  the  amount  of  work 
done  by  both  students  and  teachers  is  really  phenomenal. 
Those  of  you  who  teach  in  night  schools  know  that  the  teacher 
is  not  burdened  by  any  discipline ;  it  is  not  necessary  for  him 
to  make  any  effort  to  keep  the  students  keyed  up.  His  burden 
is  to  keep  up  with  the  students. 
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We  do  use  some  academic  textbooks;  but  the  teachers  sup- 
plement these  a  great  deal  because  they  actually  know  fac- 
tory life.  A  fellow  is  given  a  lever,  some  weights  and  a  piece 
of  string,  and  asked  some  questions.  It  is  perfectly  ridiculous 
to  call  levers  first-class,  second-class  and  third-class,  as  though 
one  is  not  as  respectable  as  another.  They  are  all  alike.  And 
it  is  perfectly  ridiculous  to  teach  percentage,  and  then  in- 
terest, and  then  bank  discount  and  then  brokerage.  The  fun- 
damental principle  is  the  thing :  and  it  is  the  same  in  all  these. 
In  our  whole  scheme,  clear  through,  the  fundamental  idea  is 
to  teach  men  to  think.  That  has  been  the  steady  objective : 
and  we  use  all  the  technical  terms  of  the  profession  simply  as 
tools  to  accomplish  this  purpose — to  develop  in  the  student's 
brain  the  power  to  handle  himself  imder  new  and  changing 
conditions  and  to  make  a  really  strong  man  of  him.  Whether 
this  is  done  in  medicine,  or  chemistry,  or  astronomy  is  of 
smaU  consequence  in  the  mental  training  process.  We  train 
him  to  apply  the  information  we  give  him  through  original 
independent  thinking. 

Professor  Jacoby:  The  chair  would  like  to  express  on  be- 
half of  the  Society  the  appreciation  which  I  believe  we  all  feel 
of  the  presence  of  men  such  as  Mr.  Dooley  at  our  meetings. 

Mr.  Dooley :  Thank  you  very  much.  I  am  glad  to  be  here 
and  contribute  my  little  part  for  what  it  is  worth. 

Dean  A.  H.  Fuller :  I  should  like  to  tell  you  about  the  ex- 
perience of  one  of  our  men  in  teaching  geometry  in  the  high 
school.  He  uses  no  text.  Every  problem  is  an  "original."  I 
know  he  has  had  those  youngsters  interested.  I  think  he  has 
been  teaching  geometry  at  the  same  time.  It  suggests  the  pos- 
sibility of  teaching  youngsters  how  to  think  and  think  straight, 
by  getting  at  them  in  the  right  manner. 

President  C.  S.  Howe:  Dr.  :\rann's  report  has  given  us  some 
constructive  suggestions  which  we  shall  aU  study  very  care- 
fully when  we  have  the  written  report,  and  which  I  believe 
we  shall  be  obliged  to  put  into  practice.  I  do  not  wish  to  dis- 
cuss them  here.  I  wish  to  say  just  one  word  regarding  the 
characteristics  of  an  engineer,  as  defined  by  engineers  them- 
selves. 
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"We  who  are  teachers  know  that  the  things  we  teach  our  stu- 
dents are  a  very  small  part  of  their  education.  We  know  that 
perfectly  well.  It  is  evident  that  the  engineers  think  so,  too. 
They  have  assigned  only  twenty-five  per  cent,  to  the  things 
we  teach. 

But  I  have  noticed  this :  I  have  talked  to  a  great  many  em- 
ployers of  engineering  graduates,  asking  them  for  criticisms 
of  the  men  we  turn  over  to  thein ;  and  the  only  criticism  they 
make  of  the  men  is  that  they  can 't  do  anything.  I  have  never 
heard  them  mention  one  of  the  characteristics  they  have 
written  to  Dr.  ]\Iann  about,  with  the  exception  of  judgment. 
I  think  I  have  heard  two  men  speak  of  that ;  but  all  the  rest 
criticized  the  lack  of  the  ability  to  do  things. 

I  cannot  quite  understand  why,  with  this  criticism  which  is 
coming  to  us  all  the  time,  they  should  place  ability  last  in  the 
list  they  have  given  to  Dr.  IMann ;  except  on  the  ground  that 
in  answering  Dr.  ^Mann's  question  they  have  carefully  con- 
sidered the  problem,  and  have  placed  their  real  views  before 
him,  whereas  in  answering  my  questions  they  have  done  so 
off-hand,  and  have  not  given  the  proper  amount  of  consid- 
eration to  the  subject.  I  believe  they  are  wrong  when  they 
tell  me  that  the  one  thing  thej'  would  criticize,  or  the  most 
important  thing,  is  the  lack  of  ability  to  do  things;  and  they 
are  right  when  they  write  to  Dr.  ]\Iann  that  the  characteristics 
which  an  engineering  graduate  should  have  are  character, 
initiative,  judgment,  and  the  rest. 

We  should  remember,  however,  in  connection  with  this,  that 
a  young  boy  just  out  of  college  cannot  be  expected  to  have  a 
great  deal  of  sound  judgment.  He  is  going  to  have  that  as 
he  grows  older;  he  will  acquire  it  in  his  practice.  He  does 
not  acquire  such  things  wholly  in  his  engineering  course.  He 
is  too  young,  too  immature,  to  have  very  sound  judgment  in 
regard  to  engineering  problems. 

Another  thing  I  would  like  to  suggest  is  that  notwithstand- 
ing the  figures  given  us  with  regard  to  the  men  who  have 
failed,  we  all  know  that  quite  often  men  who  do  not  pass  with 
very  high  marks  make  very  successful  engineers. 
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Professor  D.  C.  Jackson:  After  having  watched  the  career 
of  many  young  engineering  graduates,  I  have  come  to  the  con- 
clusion that  a  large  proportion  of  those  who  do  not  do  well 
fail  on  account  of  their  personal  characteristics. 

One  of  these  is  perhaps  the  characteristic  of  "freshness," 
which  leads  them  to  do  things  which  they  are  told  to  do  but 
without  following  their  instructions  or  without  listening  care- 
fully to  those  instructions.  Another  is  what  I  will  designate 
"mental  courage"  which  is  that  capacity  which  enables  a  man 
upon  having  failed  one  time  to  undertake  again  to  do  the 
same  thing  and  succeed;  or  perhaps  trying  the  third  and 
fourth  times  before  succeeding;  and  also  it  enables  him  to 
undertake  a  thing  which  he  has  not  done  before,  and  do  it 
right.  Another  type  of  failure  I  ascribe  to  the  lack  of  am- 
bition— some  call  it  laziness. 

These  three  are  all  characteristics  which  pertain  to  the 
word  "character"  I  suppose;  so  I  presume  these  failures 
would  be  ascribed  to  lack  of  character.  Experience  shows 
positively  that  freshness  can  be  reduced  and  even  eliminated 
from  the  youth  by  properly  teaching  him  the  subjects  we 
normally  deal  with  in  the  engineering  schools.  ]Mental  cour- 
age can  be  improved,  if  not  actually  put  into  a  man  by  the  in- 
struction in  the  laboratory.  So  far  as  the  third  factor  is  con- 
cerned, the  factor  of  ambition,  I  am  quite  sure  that  a  good 
many  young  men  are  taught  the  joys  of  accomplishment  in 
the  engineering  schools;  and  that  is  all  that  is  necessary  to 
put  their  ambition  on  its  feet.  By  such  treatment  a  good  deal 
of  the  problem  of  Dr.  ]\Iann's  seventy-five  per  cent,  may  be 
solved  by  our  regular  curricula.  It  is  but  necessary  to  add  to 
our  ordinarj^  teaching  a  consideration  of  the  individual  char- 
acteristics of  each  student. 

Mr.  A.  L.  Rohrer :  The  word  which  I  have  to  give  is  spoken 
from  the  standpoint  of  an  employer  of  the  young  engineer.  I 
appreciate  very  much  this  interesting  study  that  Dr.  ]\Iann  is 
making  for  us^  and  it  must  be  verj^  helpful  in  solving  the  prob- 
lems of  engineering  education.  It  would  not  be  in  good  form 
for  me,  a  mere  layman,  to  suggest  to  you  educators  any  par- 
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ticular  way  in  which  your  teaching  methods  might  be  im- 
proved. We  all  know  that  when  we  are  dealing  with  the  con- 
crete there  is  always  great  zest  on  the  part  of  the  young  man, 
and  no  doubt  some  of  you  bring  into  your  classrooms  many 
of  your  consulting  problems  and  have  seen  how  anxious  the 
young  men  are  to  have  a  hand  in  solving  them.  I  am  much 
interested  in  the  discussion  of  personal  characteristics.  Dr. 
Mann  has  shown  us  by  his  data  how  important  it  is  to  give  it 
attention,  and  I  know  of  one  university  where  they  are  doing 
it  in  a  very  systematic  manner,  with  the  result  that  some  of 
the  undesirable  characteristics  are  being  eliminated  by  the 
students. 

The  question  has  been  asked  here  as  to  the  cause  of  failure 
of  some  of  the  young  engineers.  In  my  experience  (which 
covers  some  five  or  six  thousand  young  men)  we  have  had  a 
few  failures  due  to  lack  of  technical  ability,  but  the  worst 
failures,  and  the  majority  of  them,  resulted  from  a  lack  of 
these  pleasant  personal  characteristics  which  are  so  helpful  to 
success.  I  would  suggest  that  all  of  you  discuss  this  with 
your  students  in  a  definite  way,  first  in  your  classrooms  and 
then  with  the  individual ;  and  if  done  in  the  right  way  and  at 
the  right  time,  you  have  done  something  towards  keeping 
him  from  failure  in  the  future.  I  have  enjoyed  these  discus- 
sions very  much  and  feel  well  repaid  for  the  time  I  have  taken 
from  my  office  to  attend  these  sessions. 

Professor  James  R.  Withrow:  The  first  questionnaire  sent 
out  by  Dr.  Mann  could  only  be  expected  to  be  qualitative  in 
its  results  because  it  was  unlikely  that  the  engineers  replying 
should  think  of  all  the  topics  suggested  by  other  engineers 
and  voted  upon  in  the  replies.  These  men  were  to  suggest 
quite  independently,  topics  of  importance  from  the  point  of 
view  being  considered  and  also  list  them  in  the  order  of  their 
importance ;  in  other  words,  they  were  to  both  nominate  and 
vote  upon  them.  The  results  of  the  last  questionnaire  were 
more  nearly  quantitative  because  the  Foundation  averaged  the 
former  replies,  selected  the  topics  to  be  voted  upon  and  re- 
quested a  vote  by  the  profession.     It  is  interesting  to  note. 
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however,  that  there  is  a  striking  tendency  toward  agreement, 
in  the  two  votes,  even  from  a  quantitative  viewpoint,  as  Dr. 
jNIann  has  pointed  out.  In  discovering  this  general  quantita- 
tive agreement  the  Carnegie  Foundation,  through  Dr.  Mann, 
has  made  definite  progress  during  the  past  year  in  crystalliz- 
ing into  a  rather  definite  ideal  the  opinion  of  the  members  of 
the  engineering  profession  with  reference  to  what  qualities 
make  for  engineering  success  or  are  of  greatest  importance  in 
sizing  up  young  men  for  employment  or  promotion,  and  it  is 
to  be  hoped  that  the  report  will  be  distributed  broadcast 
among  engineers. 

Such  a  report  will  assist  teachers,  while  laying  broad,  scien- 
tific and  technical  foundations,  to  keep  before  them  the  fact 
that  they  should  be  constantly  developing  and  keeping  in  mind 
the  paramount  importance  of : 

(1)  Character, 

(2)  Judgment  and  resourcefulness, 

(3)  Initiative  and  efficiency, 

(4)  Understanding  of  men. 

Dr.  Mann's  suggestions  on  the  latter  subject,  human  engi- 
neering, are  very  timely  and  should  receive  increased  atten- 
tion from  teachers  and  the  profession.  The  recent  Congress 
on  Human  Engineering  at  The  Ohio  State  University  should 
be  followed  at  other  institutions  by  similar  organized  efforts 
at  mutual  understanding  along  this  line. 

In  the  list  of  qualities  necessary  for  success,  etc.,  I  believe, 
resourcefulness  is  a  result  of  experience,  and  therefore  I  should 
prefer  to  place  it  in  the  group  with  judgment  rather  than  with 
character  and  integrity.  Initiative  is  closely  related  to  effi- 
ciency and  I  would  head  this  group,  therefore,  the  ' '  Initiative 
and  Efficiency  G-roup,"  rather  than  place  initiative  in  the 
character-integrity  group. 

We  should  not  fail  to  ponder  on  the  importance  of  Dr. 
Mann's  statement  that  growth  in  the  four  qualities  mentioned 
above  cannot  profitably  be  arrested  for  four  years  even  to  ob- 
tain a  more  thorough  technical  training  and  that  much  more 
efficient  is  the  teaching  of  technology  which  gives  opportunity 
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to  develop  integrity,  initiative,  resourcefulness  and  common 
sense  as  well  as  technique.  It  is  true  that  one  has  little  oppor- 
tunity of  displaying  these  vital  qualities  in  his  profession  until 
he  has  become  an  engineer,  that  is,  has  displayed  technical 
ability.  However,  2ce  must  not  put  technical  training  first  but 
develop  our  work,  or  even  slow  up  if  necessary  in  our  technical 
teaching,  to  insure  the  student  a  growth  in  the  character  group 
of  qualities.  We  cannot  afford  to  navigate  without  possessing 
all  of  these  qualities  which  were  voted  upon.  He  is  obviously 
a  poorly  developed  and  "one-sided"  engineer  who  lacks  even 
the  quality  with  the  lowest  vote  value.  Our  technical  train- 
ing therefore  must  be  based  on  or  involve  efficient  training  in 
this  character-judgment-efficiency-humanity  direction  (not 
"humanities"). 

I  imagine  most,  if  not  all.  of  our  science  and  engineering 
subjects  are  admirably  fitted  for  such  treatment,  and  may 
readily  become  the  vehicle  for  developing  these  desired  qual- 
ities so  necessary  for  professional  as  well  as  personal  success. 
It  becomes  strongly  evident  that  the  dominant  feature,  in  dis- 
cussing ideals  and  successful  engineering  training  therefore, 
is  the  teacher  himself  as  a  man.  The  teacher's  point  of  view 
and  attitude  toward  the  utilization  of  his  subject  for  con- 
sciously developing  these  qualities  becomes  of  prime  impor- 
tance. In  addition  it  must  not  be  forgotten  in  discussing  the 
"what"  and  "how"  of  teaching  that  a  good  teacher  often  ob- 
tains results  by  methods  that  are  useless  to  even  other  good 
teachers  and  I  believe  these  ideals  now  laid  down  will  act  as  a 
stimulus  and  a  help  to  all  teachers,  be  their  methods  whatever 
they  may. 

Having  apparently  ascertained  that  the  real  problem  of  the 
schools  is  to  meet  the  ideal  laid  down  in  this  report,  the  report 
becomes  a  lamp  in  whose  light  the  schools  of  engineering  may 
judge  their  own  work  and  map  out  their  progress  and  keep 
clearly  in  view  the  goal  toward  which  they  must  ever  work. 
The  question  then  arises,  how  may  this  goal  be  most  closely 
approached  and  how  must  our  fundamental  technical  teach- 
ing be  arranged  and  conducted?    These  are  the  questions  in 
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which  we  were  all  originally  interested  but  we  now  have  a  tool 
for  measurement. 

In  this  connection  I  believe  that  as  teachers,  we  can  profit 
by  the  profession's  discussion  of  the  "how"  and  "what"  in 
teaching,  before  discussion  by  the  teachers  themselves,  who 
after  all  must  decide  the  matter  though  they  should  not  do  so 
arbitrarily.  I  hope  that  the  Joint  Committee  will  not  neglect 
this  help  from  the  profession  and  I  believe  our  courtesy  will 
be  appreciated  by  the  profession. 

While  Dr.  Mann,  I  believe,  has  been  good  enough  to  point 
out  that  the  technical  subjects  in  the  engineering  schools  ap- 
pear to  be  well  handled,  yet  there  is  much  still  to  be  desired  in 
engineering  education.  For  instance  in  studying  statistics 
collected  by  Dean  Coddington  of  the  college  of  engineering  of 
The  Ohio  State  University  when  he  was  secretary  of  that  col- 
lege, in  the  matter  of  the  grades  obtained  by  students  in  engi- 
neering throughout  their  four  years,  their  curves  appeared 
distressingly  as  though  the  engineering  college  work  was  an 
indurance  contest  and  not  a  development,  as  I  surmise  edu- 
cation should  be. 

In  Dr.  Mann's  report,  the  test  conducted  on  freshman  engi- 
neering students  is  really  a  test  of  the  product  of  the  high 
schools  and  most  of  the  questions  were  apparently  directed  at 
the  memory  faculty.  Some  are  aimed  at  knowledge  of  a  par- 
ticular ancient  definition.  For  instance  "A  body  of  —  en- 
tirely surrounded  by  —  is  called  an  — . "  If  the  student 
had  had  a  teacher  who  emphasized  that  all  land  was  entirely 
surrounded  by  water  and  that  the  smaller  portions  detached 
from  the  mainland  or  continents  were  called  islands,  this 
pupil  would  have  a  real  problem  on  his  hands  to  fill  in  the  de- 
sired spaces  in  the  above  question. 

The  first  year  student  who  could  find  his  way  through  the 
paragraph  beginning  "A  chief  characteristic  of  science,"  etc., 
under  the  head  of  "English,"  and  understand  the  appended 
questions,  should  in  my  opinion  receive  a  diploma  forthwith. 
It  is  likely  he  would  be  spoiled  by  an  engineering  course.  It 
is  to  be  earnestly  hoped  that  no  teacher  of  engineering  will  feel 
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at  liberty  to  make  this  paragraph  and  its  questions  his  ideal 
for  clearness. 

The  question  in  ''physics"  regarding  the  amount  of  water 
which  "must  be  added  to  a  pint  of  alcohol  95  per  cent,  pure 
to  make  a  solution  of  alcohol  40  per  cent,  pure,"  cannot  be 
answered  from  the  data  given.  The  statement  that  Professor 
Thorndike  found  that  "only  one  third"  of  his  220  engineering 
freshmen  could  solve  the  problem  is  interesting.  It  recalls  the 
inattentive  student  who  was  asked  the  cause  of  the  aurora  and 
attempted  to  excuse  himself  by  stating  that  he  "did  know  but 
had  forgotten."  Whereupon  the  professor  said  "How  unfor- 
tunate I    The  only  man  who  ever  knew  has  forgotten. ' ' 

It  is  probably  intended  by  the  question  to  develop  the  idea 
that  one  pint  of  95  per  cent,  alcohol  contains  ^^loo  pints  of 
real  alcohol  and  that  each  pint  of  40  per  cent,  alcohol  contains 
^9ioo  pints  of  real  alcohol,  therefore,  one  pint  of  ^-^loo  pure 
alcohol  will  make  ^^ino '^"190  or  2  and  i^4o  pints  of  40  per 
cent,  alcohol.  It  would  not  follow,  however,  even  if  this  were 
true,  which  is  doubtful,  that  2  and  ^^-40  pints  minus  1  pint  (95 
per  cent,  alcohol)  equals  1  and  ^^^40  pints  of  water  to  he  added 
to  get  40  per  cent,  alcohol,  from  the  one  pint  of  95  per  cent, 
alcohol.  This  will  not  he  enough  water,  for  the  mixture  shrinks 
in  volume.  The  resulting  alcohol  would  be  over  40  per  cent, 
strong.  Because  of  ignoring  the  inherent  volume  change,  the 
.strength  of  the  resulting  alcohol  will  be  in  error  2.5  per  cent, 
by  volume  or  3.0  per  cent,  by  weight,  a  very  grave  error  for 
scientific  or  engineering  work. 

The  apparent  object  of  the  question  to  get  at  the  true  sig- 
nificance of  "per  cent."  is  commendable  but  chemical  ques- 
tions should  not  be  made  the  basis  for  such  a  demonstration 
because  they  frequently,  as  in  this  case,  teach  the  students 
false  fundamental  chemical  ideas.  In  some  cases  which  might 
have  been  selected  the  error  due  to  the  ignored  volume  change 
could  have  been  much  larger. 

Such  problems  are  too  frequently  used,  thus  not  only  missing 
the  opportunity  of  calling  attention  to  the  fact  that  because 
of  the  volume  change  more  data  is  necessary  than  would  be 
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expected,  but  still  worse,  the  fact  that  such  a  problem  is  given 
at  all  (in  the  absence  of  discussion  of  the  facts)  operates  to 
impress  the  student  that  he  has  teen  informed  that  chemical 
compounds  like  alcohol  and  water  can  be  mixed  to  obtain  a 
final  volume  equal  to  the  sum  of  their  respective  volumes,  a 
very  dangerous  mental  attitude,  and  one  which  would  result 
disastrously  for  the  chemical  engineer.  For  instance  if  this 
problem  had  furnished  the  specific  gravity  of  water  and  95  per 
cent,  alcohol  and  requested  the  specific  gravity  of  the  resulting 
mixture  the  calculated  specific  gravity  would  have  been  about 
16  per  cent,  away  from  that  of  40  per  cent,  alcohol.  In  order 
to  avoid  these  difficulties  the  problem  should  have  stated  the 
weight  of  a  pint  of  water  and  also  of  the  respective  strengths 
of  alcohol  or  their  specific  gravities. 

Serious  consideration  should  be  given  to  the  suggestions 
made  by  Dr.  Mann  in  regard  to  increasing  student  efficiency, 
and  it  is  to  be  hoped  that  Dr.  Mann  will  be  able  to  suggest 
some  particular  way  for  carrying  out  these  ideas.  It  is  one 
of  the  greatest  problems  of  teaching  to  cause  the  student  who 
has  the  tendency  "to  soldier"  to  take  an  earnest  hold  of  his 
work.  It  also  is  a  problem,  though  not  very  common,  to  pre- 
vent the  student  who  ranks  high  in  his  class  from  acquiring 
the  proverbial  '"'big  head"  which  makes  him  so  unsatisfactory 
to  his  fellow  students  and  subsequent  employers.  Although 
such  a  student  usually  gets  along  in  spite  of  this  failing,  he 
nevertheless  has  a  discouraging  influence  on  the  desire  of 
other  students  to  stand  well  in  their  work.  It  is  a  little  diffi- 
cult to  see  how  the  ideas  which  Mr.  Taylor  has  been  able  to 
work  out  in  the  industries  can  be  applied  to  the  radically  dif- 
ferent subject  of  teaching.  ]Mr.  Taylor's  ideas  were  not  ap- 
plied as  such  to  the  sole  part  of  industrial  work  which  involves 
the  teaching  of  methods  or  operations.  It  is  probably  not  in- 
tended by  Dr.  Mann  that  scientific  care  in  the  setting  of  prob- 
lems before  students  is  not  exercised  at  the  present  time  in 
the  colleges,  for  most  teachers  at  least  of  technical  subjects 
undoubtedly  give  this  matter  serious  and  careful  attention 
and  many  of  them  have  very  gratifying  results.    We  must  not 
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forget,  also,  that  the  large  portion  of  the  student's  work  is  of 
the  nature  of  drill.  This  being  the  case  it  is  hard  to  see  how 
in  all  classes  the  tasks  of  the  students  can  be  arranged  from 
easy  to  difficult  though  naturally  everj-  teacher  arranges  his 
work,  as  far  as  possible,  in  this  way,  otherwise,  the  student 
takes  little  interest  in  his  work. 

It  will  be  noticed  from  Dr.  Mann's  discussion  that  in  the  in- 
dustries great  pains  are  taken  to  see  that  each  workman  is 
carefully  instructed  in  the  most  efficient  methods  of  doing  his 
work.  I  do  not  believe  that  as  a  rule  in  the  colleges  much 
effort  is  put  forth  by  our  institutions  in  teaching  our  students 
how  to  study  and  yet  most  all  teachers  agree  that  they  do  not 
know  how.  It  seems  as  though  some  method  should  be  ar- 
ranged whereby  we  should  have  more  extensive  application  of 
the  idea  which  I  understand  is  used  at  some  institutions  of 
taking  the  entering  student  and  giving  him  explicit  instruc- 
tions in  the  proper  methods  of  studying  the  work  which  he  is 
to  undertake.  This  matter  I  think  cannot  be  emphasized  too 
strongly  by  Dr.  Mann.  There  are  great  difficulties  in  the  way 
of  doing  this  thing  but  any  effort  made  would  surely  be  worth 
all  that  it  would  cost. 

Some  of  the  illustrations  as  given  by  Dr.  !Mann  of  the  in- 
terest aroused  in  certain  work  are  not  very  clear.  For  in- 
stance, when  it  is  stated  that  freshmen  in  chemistry  are  given 
problems  in  one  school  very  similar  to  those  given  in  other 
schools  to  seniors  in  chemical  engineering  it  is  hard  to  under- 
stand just  what  is  meant.  It  is.  of  course,  a  fact  that  in  gi\'ing 
work  to  advanced  students  we  are  compelled  to  incidentally 
use  means  which  even  freshmen  can  undoubtedly  handle. 
They  can  all  spell  and  they  can  all  count  or  figure,  they  can 
all  use  the  fundamentals  of  the  science  when  they  are  seniors, 
at  least  they  should  be  able  to.  but  it  would  be  unfortunate  if 
the  impression  got  about  that  because  the  freshman  can  also 
do  this  that  they  are  doing  the  work  of  seniors  in  chemical 
engineering.  It  is  obviously  impossible  for  any  freshman  to 
do  the  work  which  is  the  real  work  beincr  carried  out  by 
seniors  in  any  real  chemical  engineering  course.     In  the  first 
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place  they  have  not  yet  had  the  chemistry  and  in  the  next 
place  they  have  not  yet  had  the  engineering,  and  so  obviously 
such  statements  are  subject  to  misconstruction  though  they 
doubtless  have  relation  to  some  foundation  idea.  It  is  per- 
fectly true,  for  instance,  that  a  freshman  in  chemistry  may 
be  asked  in  making  anything  to  figure  out  how  much  it  cost 
hiyn  to  make  it  so  that  he  may  be  doing  some  "work  which  a 
senior  also  may  do,  but  while  manufacturing  cost  calculation 
is  properly  part  of  the  work  of  advanced  students  in  chemical 
engineering  it  is  only  a  very  small  portion  of  their  work 
though  an  important  portion.  In  any  event  it  is  a  matter 
which  no  freshman  can  adequately  elaborate  for  the  reason 
that  he  has  not  had  enough  of  the  fundamental  or  advanced 
work  in  either  chemistry  or  engineering.  He  can  only  handle 
the  matter  in  a  general  fashion  and  the  result  will  be,  that  if 
an  effort  is  made  to  go  into  such  matters  in  anything  but  the 
most  superficial  manner  that  valuable  fundamental  material 
must  be  left  out  for  lack  of  time  and  when  the  man  reaches  his 
advanced  work  the  instructor  here  will  be  handicapped  by  the 
constant  necessity  for  teaching  fundamental  work  which  should 
have  been  taken  in  the  first  year  and  the  student  may  get  false 
ideas  of  the  commercial  value  of  his  results.  However,  I  be- 
lieve in  utilizing  anything  in  the  teaching  of  fundamentals 
that  can  bring  better  results,  always,  however,  calling  atten- 
tion carefully  to  the  fact  that  exhaustive  or  technical  treat- 
ment is  not  intended.  I  agree  very  thoroughly  with  Dr.  ]\Iann 
in  his  objection  to  the  presentation  of  any  work  in  an  abstract 
manner.  The  presentation  of  mathematical  or  chemical  puzzles 
to  students  when  concrete  cases  can  be  given  is  not  the  way  to 
teach  any  science,  in  my  opinion. 

Professor  Sperr  in  the  discussion  has  called  attention  to  a 
matter  with  which  I  am  in  hearty  accord  when  he  emphasizes 
to  what  extent  it  is  the  teacher's  business  to  reduce,  as  far  as 
possible,  the  percentage  of  failures  in  his  classes.  It  is  too 
often  a  matter  of  pride  among  teachers  that  their  course  is  so 
stiff  that  only  select  material  can  succeed  in  passing  it  or 
that  it  is  reputed  to  be  a  difficult  course.    It  should  rather  be 
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the  teacher's  pride  that  he  has  been  able  to  help  students  rather 
than  rule  them  out.  Anv  method,  such  as  Professor  Sperr 
seems  to  have  pursued,  which  the  teacher  can  devise  to  this 
end,  makes  him  an  increased  benefit  to  the  community  which 
it  is  his  duty  to  serve,  as  well  as  to  the  individuals  who  come 
under  his  care  and  whose  future  is  to  a  considerable  extent  in 
his  hands. 

Dean  Cory  in  the  discussion  has  called  attention  to  the 
method  used  at  his  institution  for  saving  students  who  showed 
backwardness  from  any  cause,  by  interviewing  them  at  the  end 
of  six  weeks'  periods.  This  method  I  can  heartily  commend 
because  it  sounds  similar  to  the  one  that  was  applied  to  myself 
as  a  student  at  the  University  of  Pennsylvania  twenty-two 
years  ago.  with  very  satisfactory  results  from  the  student's 
point  of  view.  Even  tendencies  which  in  time  would  result 
fatally  to  the  student  can  be  detected  and  eliminated  by  such 
personal  touch.  Dean  Cory  has  also  called  attention  to  the 
necessity  from  time  to  time  of  checking  up  the  character  of 
the  work  itself  which  is  being  given  to  the  students.  This  is 
frequently  of  assistance  to  the  teacher  as  he  is  apt  in  the  strain 
under  which  he  works  to  acquire  a  biased  or  improper  attitude 
towards  even  his  own  work  and  it  does  not  pay  him  to  be  un- 
fair to  the  student  and  the  sooner  he  learns  of  it  the  better  for 
all  concerned. 

Dr.  Mann  in  the  discussion  suggests  that  the  fact,  that  tech- 
nical subjects  appear  more  efficiently  taught  than  the  theo- 
retical ones,  is  probably  not  because  the  technical  men  are 
better  instructors  or  better  masters  of  pedagogy,  but  because 
they  are  in  more  immediate  touch  with  real  things  and  the 
student  gets  a  conception  of  the  fact  that  the  problem  is  real. 
Without  question  this  situation  helps  much  in  the  teaching  of 
technical  subjects.  We  must  not  overlook  the  fact,  however, 
that  these  teachers  of  technical  subjects  have  an  additional 
advantage  over  most  of  the  teachers  of  theoretical  ones — an 
advantage,  however,  which  these  teachers  could  largely  over- 
come if  they  cared  to.  This  advantage  consists  in  the  fact 
that  the  man  who  is  used  to  the  responsibility  of  commercial 
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problems  which  must  be  salved  and  solved  at  once,  in  other 
words,  who  is  confronted  with  the  proposition  of  being  com- 
pelled to  get  results,  will  naturally  have  a  different  attitude 
towards  his  teaching  of  any  subject  and  will  go  at  it  in  a  dif- 
ferent way  and  more  from  the  point  of  view  of  vital  funda- 
mentals, than  a  teacher  of  any  other  experience  can  do,  though 
these  other  teachers  may  acquire  ability  to  a  varying  extent 
in  this  same  line  if  they  choose.  So  that  the  point  of  view  and 
mental  attitude  of  teachers  in  technical  subjects  is  usually 
quite  a  different  one  from  that  of  other  teachers,  even  though 
they  happen  to  be  excellent  teachers  of  subjects  where  these 
teachers  are  not  themselves  forced  to  handle  their  problems  in 
a  business  like  way.  This  is  an  advantage  in  attitude  which 
all  teachers  should  aim  to  possess  if  they  can  secure  it  and  I 
believe  it  can  be  secured  if  the  will  exists.  Mr.  Dooley  in  the 
discussion  has  called  attention  to  the  success  he  has  had  in  his 
technical  night  school,  where  the  teachers  are  not  trained  ones 
and  who  do  not  know  the  theory  of  teaching.  As  he  says,  by 
their  intimate  knowledge  of  the  actual  work  and  their  interest 
in  helping  young  men  along,  they  are  well  qualified  for  the 
job.  It  should  be  noted  in  addition  that  they  are  men  who 
are  used  to  commercial  responsibility,  to  being  called  upon  to 
meet  situations  and  to  bring  results,  and  at  once,  if  possible. 
This,  in  my  opinion,  will  make  any  informed  man  of  breadth 
of  view  a  good  teacher  if  he  is  interested  in  teaching.  If  we 
are  engaged  in  research  it  helps  our  teaching  ability,  but 
teachers  may  be  engaged  in  research  which  is  merely  an  in- 
teresting problem  which  can  be  taken  up  and  laid  down  at 
pleasure  and  which  never  needs  to  be  completed  except  we 
have  the  inclination  to  do  so.  In  other  words,  we  are  never 
held  to  an  account.  No  pressure  except  our  own  good  pleasure 
is  brought  to  bear  upon  us  for  results.  Such  work  is  certainly 
much  better  than  no  research  work  at  all,  but  it  lacks  the 
training  to  the  teacher  himself  of  work  which  involves  respon- 
sibility and  must  be  done  in  a  specified  time  or  under  pressure. 
I  am  not  competent  to  discuss  the  experiment  on  mechanics 
in  the  first  year  which  Dr.  Mann  has  mentioned,  but  it  sounds 
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very  interesting  and  I  hope  ^nll  be  successful.  We  must 
beware,  however,  of  drawing  general  conclusions  from  edu- 
cational experiments  which  may  be  very  attractive  or  success- 
ful because  of  the  personal  enthusiasm  of  their  inventor. 
This  is  one  thing  which  makes  education  so  complex.  Fre- 
quently a  method  which  is  very  successful  in  the  hands  of  an 
enthusiast  for  that  particular  method  may  bring  little  results 
from  the  hands  of  some  one  else  who  is  not  so  enthusiastic  re- 
garding the  method  but  who  may  be  just  as  enthusiastic  in 
the  science  or  subject.  In  other  words,  we  must  not  be  misled 
by  isolated  experiments. 

With  regard  to  Dr.  ]\Iann's  question,  "How  shall  we  make 
the  engineer  more  cultured?"  that  is  a  matter  upon  which  I 
would  like  to  see  discussion,  first,  from  the  point  of  %'iew  of 
"What  is  culture?"  and  second.  "In  what  way  our  science 
and  technical  subjects  lack  it."  My  understanding  of  culture 
is  one  thing,  and  perhaps  others  have  another  idea.  I  do  not 
believe  myself  that  any  man  leaves  any  university  cultured, 
though  he  may  be  given  a  point  of  view  which  may  enable  him 
to  acquire  that  state.  I  believe  we  can  do  much  in  the  schools 
to  develop  the  human  side  of  the  man  and  I  am  greatly  sur- 
prised if  in  the  technical  sides  of  education,  at  least,  much  is 
not  now  being  done  in  this  direction,  as  well  as  giving  the  stu- 
dent a  masterj'  over  matter.  I  have  the  idea  that  technical 
subjects  can  be  intensely  human. 

Dean  A.  A.  Potter:  Regarding  the  relation  between  good 
scholarship  and  success  in  life,  the  members  of  the  Society 
may  be  interested  in  an  investigation  carried  on  by  William 
T.  Foster,  of  Reed  College.  Mr.  Foster  examined  the  records 
of  17.000  alumni  from  Harvard  and  Yale,  and  found  that 
the  probable  chance  for  success  of  the  good  student  as  com- 
pared with  that  of  the  mediocre  student  was  in  the  ratio  of 
about  12  to  1. 

Dr.  Mann:  It  must  be  fairly  clear  to  everybody  here  that 
this  is  a  very  complicated  problem  and  that  it  is  impossible 
for  us  to  make  each  other  understand  what  respective  points 
of  view  are.  even  in  so  interestine  and  livclv  a  discussion  as 


DISCUSSION.  95 

we  have  had  tonight.  There  has  been  a  great  deal  of  mis- 
understanding of  what  was  meant  by  that  card  sent  to  the 
engineers,  and  by  the  summary  of  the  answers  received.  There 
is  a  great  deal  of  misunderstanding  about  the  percentages 
which  have  been  attached  to  indicate  the  relative  values  of 
the  several  factors. 

There  is,  however,  one  point  in  the  investigation  which  is  as 
simple  and  as  universally  accepted  as  anything  we  have  in 
this  world,  and  which  every  one  here  tonight  has  mentioned — 
namely,  that  there  are  other  things  in  life  that  are  at  least 
as  important  as  knowledge.  It  makes  little  difference  whether 
you  say  seventy -five  and  twenty-five ;  or  ninety  and  ten ;  or 
how  you  number  them.  There  are  other  things  in  life  that  are 
just  as  important  as  knowledge;  and  that  old  saying,  "Knowl- 
edge is  power, ' '  is  not  necessarily  valid  for  school  work.  This 
is  the  whole  pointy  and  it  is  very,  very  simple.  A  great  many 
engineers  have  been  asked  to  express  their  opinions  concern- 
ing it  for  the  sake  of  emphasizing  a  thing  that  Adam  must 
have  understood,  because  we  have  forgotten  it  in  our  school 
work.  "We  have  forgotten  it ;  and  it  is  necessary  to  recall  that 
pre-Adamic  fact. 

It  is  perhaps  fortunate  and  very  appropriate,  that  this  par- 
ticular discussion  of  this  subject  should  take  place  at  this  In- 
stitution— the  University  of  Virginia — because  it  must  be 
clear  to  all  of  you,  even  after  so  short  a  visit  here,  that  there 
are  a  great  many  things  about  this  Institution  besides  the 
daily  work  in  the  classroom  that  make  for  those  personal  char- 
acteristics that  have  been  evaluated  at  seventy-five  per  cent. 
This  institution  is  preeminently  noted  for  its  emphasis  of  the 
human  side  of  the  student  work.  Perhaps  it  presages  a 
greater  emphasis  upon  these  things  that  make  for  character, 
such  as  student  traditions,  university  traditions,  and  enthu- 
siasm for  work,  to  have  this  meeting  at  which  this  point  is 
emphasized,  take  place  here. 

This  question  of  engineering  is  much  more  difficult  than  the 
problem  of  the  law  school  and  the  medical  school,  because  the 
engineer  has  to  deal  in  his  profession  with  material  things, 
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mainly.  It  is  much  more  difficult  to  master  matter,  than  it  is 
to  exploit  mind.  Also,  the  mastery  of  matter,  if  one  becomes 
entirely  absorbed  in  it,  is  apt  to  so  overwhelm  us  with  its  dif- 
ficulty that  we  forget  sometimes  that  there  are  human  qualities 
which  also  must  be  developed.  One  of  the  marked  criticisms 
has  been  made  of  the  engineer  by  the  professional  man  and 
others — one  of  the  big  problems  before  the  engineering  world 
today — is  the  question  of  how  we  are  going  to  make  the  engi- 
neer a  cultured  gentleman,  in  the  good  sense  of  that  word. 
How  are  we  going  to  develop  the  human  side  of  the  engineer, 
as  well  as  his  technical  ability  ?  This  refers  not  only  to  char- 
acter but  also  to  what  is  generally  called  culture.  How  are 
we  going  to  add  that  to  the  technical  knowledge  of  the  engi- 
neer? This  is  not  an  easy  problem,  because  we  have  been 
brought  up — as  I  showed  you,  our  school  system  started  in 
from  the  beginning,  in  1642 — with  the  ruling  out  of  voca- 
tional training  from  the  rest  of  the  system.  Thus  a  gulf  was 
introduced  between  learning  to  earn  and  cultural  study,  and 
that  gulf  has  remained  from  the  very  beginning  and  is  still 
there.  How  are  we  going  to  get  rid  of  it  ?  How  are  we  going 
to  unite  the  training  for  the  mastery  of  matter  with  cultural 
work,  so  that  they  will  make  a  harmonious  whole  ? 

That  is,  after  all,  but  another  way  of  stating  the  real  prob- 
lem. So  I  would  like  to  leave  the  problem  in  that  form  in 
your  minds.  That  is:  Vocational  education  was  separated 
from  cultural  education  at  the  beginning  of  our  school  sys- 
tem: How  are  we  going  to  get  them  together?  The  men  de- 
voted to  academic  education  realize  that,  as  Lincoln  put  it, 
their  legs  are  not  long  enough  to  reach  the  ground,  and  the 
men  in  engineering  realize  that  there  are  regions  above  the 
region  of  matter  which  they  have  not  yet  fully  entered.  How 
are  we  croine  to  get  the  two  kinds  of  training  together? 

Professor  Kent :  Show  us  a  reason  why  we  should  sret  them 
together.    Culture  is  on  the  defensive  now. 

Dr.  Mann:  Again  this  illustrates  the  difficulty  of  making 
yourself  understood.  I  see  that  'Sir.  Kent  and  I  are  using  the 
word  "culture"  in  different  senses.  I  misrht  ask  ^fr.  Kent  to 
tell  me  what  is  the  meaning  of  the  word  "gentleman." 
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Professor  Kent :  !My  meaning  is  quite  different  from  others, 
perhaps. 

Dr.  Mann:  Well,  that  is  just  the  point.  This  is  another  way 
of  stating  the  thing  we  have  been  discussing  all  the  evening. 
How  are  we  going  to  develop  the  human  side  of  the  man 
while  we  are  training  him  to  a  mastery  of  matter  ?  I  ask  you 
not  to  form  too  hasty  a  conclusion  that  the  figures  that  have 
been  presented  are  all  wrong — that  there  is  nothing  in  it^ — 
because  there  is  something  in  it.  Progress  may  be  slow,  but 
_the  problem  is  to  develop  technical  ability  and  human  quali- 
ties simultaneously.    Is  this  right? 


REPORT  OF  JOINT  COMMITTEE  ON  CLASSIFICA- 
TION OF  COLLEGES. 

Committee  No.  6, 

BY  C.  S.   HOWE. 

The  Committee  of  which  I  am  a  member  has  had  no  meet- 
ings this  year,  and  hence  has  no  report  to  make.  I  might  say 
a  word  in  regard  to  the  formation  of  that  Committee.  It  is 
made  up  of  representatives  of  different  educational  bodies, 
appointed  at  the  request  of  the  United  States  Commissioner 
of  Education.  More  than  a  year  ago  we  had  a  meeting,  and 
suggested  a  list  of  questions  which  should  be  sent  to  educa- 
tional institutions.  It  was  decided  to  send  out  first  a  list 
for  the  academic  colleges,  and  afterwards  to  prepare  ques- 
tions to  be  submitted  to  the  engineering  colleges  and  other 
institutions.  The  questions  for  the  academic  colleges  have 
been  prepared  during  the  past  year,  and  have  been  sent 
out.  The  Commissioner,  or  rather  the  specialist  in  higher 
education.  Dr.  Capen,  wishes  to  study  the  answers  which  are 
coming  in  from  the  academic  colleges  before  taking  up  those 
for  the  engineering  colleges.  That  is  all  I  wish  to  say,  except 
that  the  Committee  deserves  the  thanks  of  the  Society  because 
it  has  not  sent  out  any  questionnaires  during  the  year. 
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Committee  No.  7. 

BY  G.  R.  CHATBUEN. 

During  the  year  two  circular  letters  have  been  sent  out  to 
Ihe  members  of  this  Committee,  bringing  before  them  such 
matters  as  had  been  referred  to  the  Committee  by  the  general 
officers  of  the  Society,  and  some  other  matters  which  had  been 
brought  up  by  the  members  themselves.  After  receiving  re- 
plies from  these  letters,  we  made  a  tentative  report,  which 
was  compiled  and  brought  before  the  Committee  this  morn- 
ing. Most  of  it  was  adopted.  A  part  has  yet  to  be  acted 
upon. 

First,  in  regard  to  the  policy  of  the  Society  concerning 
institutional  delegates,  the  Institutional  Committee  respect- 
fully recommends  that  the  following  be  adopted  as  the  policy 
of  the  Society : 

1.  At  least  six  weeks  prior  to  the  annual  meeting  the  Secre- 
tary shall  send  to  each  institution  holding  membership  a  re- 
quest for  the  appointment  of  a  delegate,  if  practicable,  from 
the  persons  of  the  faculty  who  are  members  of  this  Society, 
or  from  its  administrative  staff. 

2.  The  names  of  institutional  delegates  shall  be  published 
in  the  Year  Book  in  connection  with  the  names  of  the  in- 
stitutions. 

3.  Three  copies  of  the  publications  of  the  Society  shall  be 
sent  to  the  institution,  and  not  to  the  delegate. 

4.  Non-member  delegates  will  not  be  required  to  pay  dues. 

5.  Kegular  members  who  act  as  institutional  delegates  are 
not  thereby  relieved  from  the  payment  of  dues. 

A  suggestion  was  made  to  change  the  personnel  of  the  Com- 
mittee.    This  change  was  voted  down  at  a  meeting  this  morn- 
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ing,  and  the  personnel  therefore  remains  as  it  was  last  year, 
which  is  as  follows : 

''The  delegates  in  attendance  at  any  meeting  shall  continue 
as  members  of  the  committee  for  one  year  thereafter  or  until 
their  successors  have  been  appointed  by  the  heads  of  their 
respective  institutions. ' ' 

The  question  of  the  purposes  of  institutional  membership 
was  referred  this  morning  to  a  subcommittee.  This  subcom- 
mittee has  already  met  and  prepared  a  change  in  the  state- 
ment as  made  in  the  preliminary  report,  with  some  additions.^ 
This  will  be  reported  when  acted  upon  by  the  whole  com- 
mittee. 

The  Institutional  Committee  further  recommends  that  the 
following  be  adopted  as  a  statement  of  the  duties  of  the  in- 
stitutional delegate : 

Before  the  Annual  ^Meeting. 

To  familiarize  himself  with  the  needs  and  desires  of  his  own 
institution. 

To  familiarize  himself  with  new  methods  and  practices  in 
his  own  institution. 

To  have  these  prepared  for  presentation  to  this  Society. 

To  bring  before  his  own  faculty,  and  especially  the  local 
members  of  the  Society,  questions  of  policy  and  interest  to 
the  general  Society. 

During  the  Annual  ^Meeting. 

To  observe  carefully  the  program  and  take  note  of  those 
reports,  papers  and  discussions  of  interest  to  his  own  institu- 
tion. 

To  attend  the  meetings  of  institutional  delegates. 

To  present  to  the  Society  pertinent  ideas  and  practices  of 
members  of  his  own  faculty. 

To  ascertain  through  conversation  and  otherwise  the  prac- 
tices of  other  institutions  regarding  questions  under  discus- 
sion during  the  vear  in  his  own. 
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To  extend  his  acquaintanceship  and  note  especially  the 
personality  of  men  available  for  positions  in  his  own  in- 
stitution. 

To  represent  generally  his  own  institution  by  looking  after 
its  interests  whatever  they  may  be  and  whenever  and  wherever 
deemed  necessary. 

After  the  Annual  Meeting. 

To  make  a  brief  report  to  the  administration  of  his  institu- 
tion, touching  in  a  general  manner  the  most  salient  features 
of  the  convention. 

To  make  at  the  opening  of  the  fall  term  a  more  detailed 
report  to  his  engineering  faculty  at  a  meeting  called  for  that 
purpose. 

To  represent  during  the  school  year  following  the  annual 
meeting  the  general  Society  in  his  own  institution. 

To  furnish  news  items,  or  procure  someone  else  to  furnish 
them,  to  the  Bulletin. 

To  bring  the  general  Society  as  fully  as  possible  before  the 
faculty  of  his  institution. 

To  encourage  members  to  attend  the  annual  meeting  by 
bringing  back  to  them  its  enthusiasm  and  showing  them  the 
advantages,  both  to  themselves  and  the  institution,  of  at- 
tendance. 

Discussion. 

Dean"  C.  H.  Crouch:  (By  letter).  In  discussing  the  recom- 
mendations of  the  Institutional  Committee  I  would  first  call 
attention  to  the  importance  of  sending  out  the  requests  to 
the  institutions  holding  membership  asking  them  to  appoint 
delegates  in  ample  time  so  that  the  delegates  appointed  will 
have  sufficient  time  in  which  to  formulate  their  plans  so  that 
they  may  be  able  to  attend  the  meetings.  It  may  be  that  the 
presidents  of  the  institutions  will  delay  acting  until  the  fac- 
ulty members  have  arranged  for  their  summer  vacations,  but 
if  notices  are  sent  out  six  weeks  in  advance  it  will  not  be  the 
fault  of  the  Society  if  they  are  not  appointed  until  a  few  days 
prior  to  the  meeting. 
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It  seems  to  the  writer  that  if  an  institution  pays  a  member- 
ship fee  of  $10.00  per  year,  that  it  should  be  allowed  to  be 
represented  at  the  meeting  without  its  delegate  being  obliged 
to  pay  an  additional  fee  as  a  delegate  unless  such  delegate  is 
a  member  of  the  Society. 

I  do  not  believe,  however,  that  because  a  member  is  ap- 
pointed as  an  institutional  delegate  he  should  be  excused  from 
paying  his  regular  annual  fee.  I  regard  his  appointment  as 
an  institutional  delegate  as  an  institution  affair  rather  than 
as  a  Society  affair  and  believe  that  all  members  should  pay 
their  regular  annual  fees  whether  institutional  delegates  or 
not. 

As  to  the  remainder  of  the  report  of  the  Committee  dealing 
with  the  purpose  of  the  institutional  membership  and  the 
duties  of  the  delegates,  I  believe  the  report  will  meet  with  the 
approval  of  all,  especially  the  third  and  last  paragraphs  deal- 
ing with  the  purposes  of  the  membership,  and  will,  therefore, 
not  comment  further. 


REPORT  OF  COMMITTEE  ON  ENTRANCE 
REQUIREMENTS. 

Committee  No.  8. 

BY  C.  M.  WIEICK. 

Your  Committee  on  Entrance  Kequirements  herewith  pre- 
sents the  following  report: 

At  the  Pittsburgh  meeting  of  this  Society  which  was  held 
in  1910,  your  Committee  on  Entrance  Requirements  pre- 
sented a  report  outlining  a  rather  comprehensive  list  of  sub- 
jects which  it  was  thought  would  satisfy  the  scheme  of  study 
for  secondary  schools  and  at  the  same  time  would  be  suitable 
for  entrance  to  any  engineering  college.  Formulations  were 
given  and  the  content  of  each  subject  was  defined.  Recom- 
mendations were  made  that  this  Society  use  its  influence  to 
the  end  that  the  required  subjects  be  reduced  to  7  or  8  Car- 
negie units  and  that  the  remaining  7  or  8  units  be  selected 
from  a  suggested  list  of  subjects  which  offered  a  fairly  wide 
range  of  electives.  The  aim  of  this  Committee  from  its 
inception  has  been  the  elimination  of  the  multiplicity  of  sub- 
jects formerly  required  for  admission  to  the  various  engineer- 
ing colleges  of  the  country,  and  the  acceptance  on  the  part 
of  the  members  of  this  Society  of  a  relatively  small  and  com- 
prehensive group  of  subjects  from  which  the  requirements  for 
admission  to  any  college  might  be  restricted.  It  was  early 
recognized  that  absolute  uniformity  is  inconsistent  with  the 
diversity  of  educational  conditions  in  different  states  and  is 
neither  possible  nor  desirable.  But,  as  pointed  out  in  a 
previous  report  (Vol.  IV) ,  needless  arbitrary  deviations  from 
uniformity  in  mere  -details  are  vexatious  and  harmful  to  all 
concerned,  and  should  be  removed.  Various  agencies  have 
been  active  in  bringing  about  a  greater  degree  of  uniformity 
in  entrance  requirements  and  the  purpose  of  the  present  re- 
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port  is  to  show  the  existing  status  of  entrance  requirements 
for  engineering  colleges  and  note  the  trend  of  the  changes 
that  have  taken  place  during  the  last  few  years. 

To  this  end  the  following  questionnaire  was  submitted  to 
the  various  institutions  represented  in  the  Society: 

1.  "Wliat  changes,  if  any,  have  been  made  in  the  entrance 
requirements  to  your  institution  since  the  1910  report  was 
submitted  to  the  Society? 

2.  What  suggestions,  if  any,  have  j'ou  to  make  regarding 
entrance  requirements?  The  replies  received  indicate  clearly 
that  the  1910  report  of  this  Committee  is  not  available  to  a 
large  proportion  of  the  members  of  the  Society ;  therefore,  in 
order  to  obtain  an  intelligent  comprehension  of  the  present 
status  and  trend  in  entrance  requirements  it  will  be  necessarj'' 
to  review  briefly  the  1910  report.  In  that  report  it  was 
shown  that  a  unit  course  or  credit  required  for  entrance  is  to 
be  understood  as  representing  work  equivalent  to  that  covered 
in  a  school  year  of  thirty-six  weeks,  five  periods  per  week, 
each  period  not  less  than  forty  minutes  in  the  clear ;  this  in- 
cludes an  aggregate  of  one  hundred  and  twenty  60-miuute 
hours  of  class-room  work.  It  is  further  understood  that  two 
periods  of  laboratory,  or  manual  training  (including  draw- 
ing) is  equivalent  to  one  period  of  class-room  work. 

Following  the  standard  established  by  the  Carnegie  Foun- 
dation for  the  Advancement  of  Teaching  it  is  recommended 
that  fourteen  units  constitute  the  minimum  amount  of  prepa- 
ration which  may  be  accepted  for  entrance. 

If  in  the  aggregate  four  studies  be  pursued  each  year  for 
a  period  of  four  years,  it  will  be  possible  to  qualify  in  sixteen 
units;  a  unit,  therefore,  constitutes  practically  one  fourth  of 
a  year's  work. 

The  selection  of  subjects  which  will  be  accepted  for  entrance 
should  be  to  a  certain  extent  left  to  the  individual  colleges, 
but  there  exists  a  marked  tendency  toward  uniformity  of 
requirement  with  certain  studies  and  a  fair  degree  of  freedom 
regarding  the  remainder  of  the  subjects. 

In  the  report  of  this  Committee  presented  in  1896,  it  was 
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shown  that  not  less  than  100  different  requirements  in  sub- 
jects and  content  were  demanded  or  could  be  offered  for  ad- 
mission to  the  S9  institutions  represented  in  the  census  taken 
at  that  time.  In  view  of  this  diversity  of  requirement  and 
with  the  hope  of  securing  such  degree  of  uniformity  as  would 
be  practicable,  the  Committee  recommended  the  following 
subjects  from  which  the  entrance  requirements  were  to  bs 
selected : 

Mathematics. 
Arithmetic  (complete), 


Algebra,  elementary, 
Algebra,  through  quadratics, 
Algebra,  advanced  (intermediate), 
Geometry,  plane, 
Greometry,  solid. 
Trigonometry,   plane. 


Science. 
Botany, 
Physical  geography, 
Chemistry, 
Phvsics. 


English, 
French, 
German, 
Latin. 


Language. 


General. 
Freehand   drawing, 
TTnited  States  history, 
Some  second  subject  in  history. 


The  diversity  crept  in.  no  doubt,  through  the  attempt  on 
the  part  of  the  colleges  to  meet  the  varying  courses  of  the 
contributory  schools  through  a  system  of  options  in  require- 
ments, and  possibly,  to  make  the  scientific  courses  level  up  to 
the  classical  ones  without  the  necessity  of  imposing  the  dead 
languages  on  the  student.  But  the  effect  was  to  scatter  and 
produce  confusion  on  the  one  hand  and  to  limit  each  college 
to  its  own  field  of  cultivated  schools  on  the  other. 

The  report  states  further :  ' '  There  is  enough  within  the  list 
recommended  by  the  Committee  that  so  many  colleges  agree 
upon,  to  fully  occupy  the  time  of  any  boy  in  his  four  years  in 
high  school,  and  there  is  variety  enough  to  give  breadth  of 
training.  There  is  work  in  the  five  chief  lines  of  mathe- 
matics, language  and  literature,  history,  science  and  art.  Any 
school  course,  on  the  one  hand,  and  any  college  set  of  require- 
ments, on  the  other,  ought  to  include  all  of  these  lines. 
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"Again,  while  the  colleges  should  confine  themselves  to  the 
above  subjects  there  is  nothing  in  the  list  that  does  not  prop- 
erly fit  into  the  school  curriculum.  Laboratory  work  of  the 
right  kind  in  physics,  chemistrj-  and  botany  may  be  found  in 
comparatively  few  schools,  but  it  ought  to  be  given  in  all 
high  schools  with  four-year  courses,  for  their  own  sakes,  irre- 
spective of  the  demands  of  scientific  colleges. 

"Somewhat  apart  from  the  other  subjects  named,  stands 
manual  training,  including  shop  work  and  mechanical  drawing. 

"It  is  obviously  impo.ssible — even  if  desirable — to  make 
either  of  these  a  requirement  for  admission  to  engineering 
colleges  generally.  On  the  other  hand,  the  engineering  col- 
leges should  be  the  first  to  recognize  the  true  value  of  hand 
and  eye  work  as  a  form  of  education.  The  Committee  be- 
lieves that,  as  far  as  practicable,  such  recognition  should  he 
more  generally  shown  hij  the  acceptance  of  certified  work  in 
manual  training  as  optional  requirement  by  institutions  ac- 
cepting any  optional  subjects." 

in  the  1910  report  it  was  shown  that  with  few  exceptions 
the  list  of  subjects  proposed  in  the  earlier  report  included  the 
essential  requirements  now  accepted  for  admission  to  most  of 
the  technical  colleges  of  the  eountri-.  There  has  been  a 
marked  cooperation  between  the  colleges  and  secondary 
schools  which  has  tended  toward  the  establishment  of  certain 
standards,  both  in  the  kind  and  character  of  subjects  taught. 
Of  the  fourteen  or  fifteen  units  required  for  admission  the 
colleges  have  demanded  preparation  in  definite  prescribed 
subjects  amounting  to  about  one  half  the  total  work,  while 
the  remainder  may  be  selected  from  a  list  sufficiently  com- 
prehensive to  allow  the  secondary  schools  considerable  free- 
dom in  establishing  their  courses.  Xor  does  this  detract  from 
the  intellectual  development  of  those  in  the  secondarA-  schools 
who  do  not  enter  college,  since  there  is  general  agreement  as  to 
the  value  of  the  prescribed  courses  in  any  scheme  of  secondarj- 
education. 

Keferring  to  the  list  quoted  above  it  will  be  noted  that 
arithmetic  is  not,  in  general,  now  accepted  as  an  entrance 
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subject;  on  the  other  hand,  on  account  of  the  commercial  in- 
terests of  the  United  States  there  has  grown  up  a  demand  for 
the  study  of  Spanish  in  the  public  schools  and  this  subject 
should  be  added  to  the  language  group. 

Zoology  is  frequently  studied  in  the  secondary  schools  in- 
stead of  botany,  and  this  subject  should  be  included  in  the 
science  group. 

In  manj-  well-organized  secondary  schools  the  study  of  his- 
tory is  pursued  for  the  entire  four  years  and  the  general 
group  should  be  modified  by  adding  the  four  history  subjects 
most  commonly  taught,  or  preferably  a  new  history  group 
should  be  introduced.  This  should  include  ancient  history; 
medieval  and  modern  European  history;  English  history; 
American  history-  or  American  history  and  civil  government. 

The  general  introduction  of  manual  training  (shop  work 
and  drawing)  into  the  secondary  schools  has  caused  a  number 
of  colleges,  both  academic  and  technical,  to  accept  a  certain 
amount  of  this  work  in  lieu  of  other  subjects  for  entrance. 
Shop  work  and  mechanical  drawing  should,  therefore,  be 
offered  in  the  list  of  electives  acceptable  to  the  engineering 
college. 

Your  Committee  recognizes  that  there  will  necessarily  be 
differences  in  opinion  as  to  the  amount  of  credit  which  can  be 
accepted  for  entrance  by  the  coUege  for  manual  training  sub- 
jects, but  substantial  agreement  will  probably  exist  if  the 
credit  be  restricted  to  one  unit  for  shop  work  and  one  unit 
for  drawing. 

However,  with  the  credits  thus  restricted  it  must  be  pointed 
out  that  in  order  to  qualify  in  fourteen  units  as  specified  a 
student  taking  work  in  manual  training  must  either  limit  the 
amount  of  this  work,  or  he  must  take  other  studies  additional 
to  the  manual  training  subjects. 

A  restriction  should  also  be  placed  on  the  language  group : 
That  is,  if  a  language  be  offered  for  entrance  two  units  should 
be  presented  for  any  one  language. 

The  modified  list  of  subjects  presented  in  the  report  of 
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1910,  among  which  are  to  be  found  the  entrance  requirements 
for  engineering  colleges  are  as  follows : 


Mathematics. 

Science. 

Algebra, 

elementary, 

Physics, 

Algebra, 

advanced, 

Chemistry, 

Greometry 

.  plane, 

Botany, 

Geometry 

,  solid, 

Zoology, 

Trigonometry,  plane. 

Physical  geography. 

Language. 

History. 

English, 

Ancient, 

French, 

Modern  European, 

Grerman, 

English. 

Spanish, 

American. 

Latin. 

General. 

Manual   training, 

Shop 

work. 

Mechanical    drawing. 

Freehand  drawing. 

The  prescribed  subjects  taken  from  the  above  list  should 
include : 


Algebra,  elementary    one  unit. 

Greometry,  plane    one  half  unit. 

Algebra,   advaneefl   one  unit. 

Geometry,  solid. one  half  unit, 

English    three  units. 

One  other  language   two  units. 

or  physics  or  chemistry  one  unit. 

total  prescribed  subjects  eight  units  or  seven  units. 

The  second  part  of  the  report  is  concerned  with  the  defini- 
tion of  subjects  and  formulation  of  content  with  which  we  are 
not  concerned  at  the  present  time.  The  important  part  of  the 
1910  report  upon  which  substantial  agreement  was  urged  was 
the  recommendation  of  eight  units  or  seven  units  (depending 
upon  whether  a  two-years'  language  or  a  one-year  science 
subject  is  to  be  offered)  as  prescribed  subjects;  and  the  ac- 
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ceptance  of  the  remaining  units  from  a  list  including  mathe- 
matics, science,  language,  history  and  manual  training ;  which 
it  was  believed  included  the  essentials  of  a  sound  secondary 
education. 

It  was  stated  that  we  must  be  moderate  in  our  prescribed 
requirements  and  we  must  ask  for  something  that  will  fit  our 
students  for  engineering  work  and  at  the  same  time  furnish 
a  certain  amount  of  culture  study;  then  let  the  high  schools 
exercise  a  fair  degree  of  freedom  in  the  choice  of  the  remain- 
ing subjects.  The  schools  in  general  are  well  organized  but 
they  do  not  always  have  teachers  for  all  the  different  branches 
desired.  Sometimes  it  is  the  sciences,  in  other  cases  it  may 
be  the  languages  that  must  be  reduced.  In  such  cases  it  may 
be  that  there  is  a  good  teacher  of  history.  Now  a  student 
coming  from  such  a  high  or  other  secondary  school  which 
gives  a  good  course  in  history  can  elect  four  units  in  the 
history  group.  Other  schools  may  not  have  a  good  teacher  in 
history  but  may  have  excellent  courses  in  phj'sics  and  chem- 
istry. A  certain  freedom  of  choice  should,  therefore,  be 
allowed  to  the  high  schools  in  order  that  they  may  adapt  their 
curricula  to  their  particular  conditions.  Since  we  should  not 
be  too  rigid  in  our  requirements,  let  us  agree  on  a  group  of 
seven  or  eight  subjects,  as  indicated  here,  and  then  let  the 
high  schools  fill  in  the  other  requirements  from  a  list  of 
electives  which,  however,  should  not  be  too  comprehensive. 
With  such  an  accepted  list,  pro^^ded  the  subjects  be  properly 
taught,  a  boy  can  prepare  in  any  high  or  secondary  school 
for  any  college. 

Now,  coming  to  the  consideration  of  the  present  require- 
ments: "What  changes  have  taken  place  recently  and  what  is 
the  trend  in  entrance  requirements?  Of  the  changes  which 
have  occurred  since  the  1910  report  none  are  more  significant 
than  the  "new  plan"  of  Harvard  which  in  a  modified  form 
has  recently  been  adopted  by  Yale  and  Princeton.  Under 
this  plan  a  candidate  must  (1)  present  evidence  of  an  ap- 
proved school  course  of  four  years'  duration,  satisfactorily 
completed;  and  (2)  he  must  show  in  four  examinations  that 
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his  scholarship  is  of  a  satisfactory  quality.  Beginning  in 
June,  1916,  the  examinations  for  these  three  colleges  are  to 
be  conducted  by  the  College  Entrance  Examination  Board  and 
not  by  the  individual  institution.  Under  this  new  plan  the 
college  does  not  intend  to  prescribe  in  detail  the  school  course 
of  the  boy  who  wishes  to  enter,  either  directly  by  naming  and 
defining  subjects,  or  indirectly  by  an  elaborate  system  of 
rating  the  studies  of  a  school  course  in  points  or  units.  On 
the  contrary,  the  college  accepts  the  judgment  of  a  school  as 
to  a  candidate's  programme,  subject  to  certain  limitations.  It 
is  not  necessary,  therefore,  for  a  school  to  fit  a  candidate's 
course  to  detailed  definitions  of  subjects.  Under  the  new 
plan  every  school  maintaining  the  kind  of  course  indicated 
will  be  free  to  work  out  its  own  system  of  education  in  its  own 
way,  subject,  of  course,  to  the  general  requirement.  The  col- 
lege on  its  part,  undertakes  only  to  test  the  intellectual  effi- 
ciency of  the  boy  at  the  time  of  his  graduation  from  school. 

As  applied  at  Harvard  which  has  no  undergraduate  engi- 
neering course  the  candidate  may  present  himself  for  exami- 
nation in  (a)  English;  (&)  Latin,  or,  for  candidates  in  courses 
leading  to  the  degree  S.B.,  French  or  German;  (c)  mathe- 
matics, physics  or  chemistry;  and  (d)  any  subject  not  already 
selected  under  (&)  or  (c)  from  the  following  list:  Greek, 
French,  German,  history,  mathematics,  physics,  chemistry. 

At  Yale  College,  Latin  and  mathematics  are  required  sub- 
jects but  in  the  Sheffield  Scientific  School  of  Yale,  the  four 
examinations  will  be  given  from  the  following  groups:  (a) 
English;  (&)  mathematics;  (c)  Latin,  French,  German  or 
Spanish;  (d)  physics,  chemistry,  history  or  mechanical  draw- 
ing. In  any  case  the  candidate  will  be  admitted  without  con- 
ditions or  not  at  all.  Professor  Corwin,*  commenting  on  the 
new  plan,  states  that  the  admission  without  conditions  will 
eliminate  a  most  useless  and  bothersome  feature  of  freshman 
work. 

As  to  the  first  provision — that  a  school  record  shall  be  sub- 
mitted— this  procedure  has  led  those  who  object  to  this  or  to 

*  Chairman,  Committee  on  Admission,  Sheffield  Scientific  School. 
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any  change  in  the  requirements  and  regulations  of  admission 
to  say  that  the  New  Plan  is  but  a  slightly  disguised  plan  of 
admission  by  certificate.  It  has,  to  be  sure,  one  character- 
istic of  the  certificate  plan — the  school  record — but  while 
saving  the  most  important  quality  of  the  plan  of  admission  by 
certificate — that  is,  its  selective  function — it  has  remedied  by 
the  four  comprehensive  examinations  the  principal  defect  of 
that  plan — that  is,  its  inability  to  establish  and  maintain  even 
an  approximate  standard  of  quality.  A  record  covering  four 
years  of  school  work,  indicating  textbooks  used,  proportion 
of  laboratory  work,  and  scholarship  grades  obtained,  'will  cer- 
tainly give  pertinent  evidence  of  a  candidate's  fitness,  and 
the  comprehensive  examinations  which  accompany  it  will 
serve  both  school  and  college  as  a  means  of  maintaining  the 
scholarship  standards. 

The  avowed  purpose  of  the  New  Plan  examinations  is  to 
reach  out  for  the  boy  who  has  not  been  specially  fitted  for  col- 
lege, or  to  put  it  in  another  way,  to  make  the  preparation  for 
college  less  conventional  and  less  subservient  to  tradition. 
The  new  comprehensive  examinations  are  to  be  adapted  to 
such  variety  of  school  instruction  as  exists  in  the  various  sub- 
jects required  for  admission ;  that  is,  they  are  not  to  prescribe 
methods  and  are  to  recognize  the  general  principle  that  the 
secondary  schools  shall  determine  how  a  subject  shall  be 
taught  and  that  the  college  shall  test  for  results  and  power. 

The  antithesis  of  these  requirements  is  seen  in  the  new 
regulations  governing  admission  to  the  university  and  other 
state  institutions  of  Kansas.  At  its  last  session  the  Legisla- 
ture of  Kansas  passed  a  law  which  provided  that  graduates 
from  any  approved  course  of  study  in  high  schools  of  the  state 
shall  be  entitled  to  admission  to  the  freshman  class  of  the 
university  and  other  state  institutions.  This  rule  applies  to 
the  school  of  engineering.  The  board  which  has  the  power  to 
approve  these  high  school  curricula  includes  the  state  superin- 
tendent of  public  instruction,  and  the  presidents  of  the  three 
principal  state  educational  institutions. 

It  seems  fitting  at  this  time  to  mention  the  ' '  Chicago ' '  plan 
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which  has  had  a  decided  influence  on  the  entrance  require- 
ments of  ■svestern  institutions  during  the  past  five  years. 
Desiring  to  cooperate  more  effectively  with  the  secondary 
school,  the  University  of  Chicago,  1911.  introduced  certain 
essential  modifications  into  its  entrance  requirements.  In 
making  the  changes  the  university  had  several  distinct  prin- 
ciples in  mind,  the  more  important  of  which  may  be  briefly 
abstracted  from  a  statement  prepared  by  the  university  as 
follows : 

"Heretofore  the  university  has  admitted  students  from 
approved  schools  without  examination.  The  schools  were  ap- 
proved on  the  basis  of  inspection  by  a  university  officer.  This 
practice  will  be  continued.  Schools  not  already  on  this  list 
will,  at  their  request,  be  inspected  and  if  approved,  will  be 
put  upon  the  list.  The  retention  of  the  schools  upon  the  list 
will  thereafter  depend  upon  the  records  made  by  the  students 
sent  to  the  university  from  the  schools.  It  is  intended  to  keep 
the  school  principals  accurately  and  frequently  informed  of 
the  records  made  by  their  students.  It  is  also  contemplated 
that,  as  far  as  possible,  representatives  of  the  schools  may  from 
time  to  time  come  to  the  university  and  visit  those  classes 
which  continue  most  directly  the  work  done  in  the  schools.  It 
is  hoped  in  this  way  to  secure  a  more  intelligent  cooperation 
than  has  thitherto  been  possible. 

"The  university  recognizes  the  obligations  which  the  high 
schools  are  under  to  serve  their  own  committees  in  the  most 
efficient  possible  way  without  primary  regard  to  college  en- 
trance' requirements.  It,  therefore,  desires  to  render  as 
flexible  as  possible  the  conditions  under  which  students  may 
come  to  the  university,  and  it  proposes  to  set  up  only  such 
requirements  as  seem  indispensable  to  enable  the  university 
to  continue  with  advantage  the  educational  work  begun  in  the 
schools.  With  this  principle  in  mind,  the  university'  faculty 
has  replaced  the  former  schedule  of  requirements,  designating 
a  considerable  number  of  specific  subjects  in  which  the  student 
must  have  been  prepared,  with  a  plan  which,  save  for  a  re- 
quirement in  English,  lays  emphasis  not  so  much  upon  specific 
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subject-matter  as  upon  a  certain  amount  of  concentrated  and 
continuous  work  in  subjects  selected  by  the  student,  or  the 
school  from  among  the  standard  academic  subjects  taught  in 
all  high  schools.  The  quantity  of  the  work  required  is  specified 
in  the  paragraphs  which  follow.  The  quality  of  the  work  the 
university  expects  to  test  by  the  record  of  the  student  after 
he  comes  to  the  university. 

''It  is  believed  that  sufficient  flexibility  has  been  introduced 

(1)  to  permit  the  schools  to  meet  every  reasonable  demand  of 
their  own  communities  in  the  arrangement  of  the  curricula, 

(2)  to  enable  the  student  to  enter  college  even  though  he 
decided  late  in  his  course  to  do  so,  and,  at  the  same  time  (3)  to 
make  it  justifiable  for  the  University  rigidly  to  require  of  each 
student  a  full  15  units  of  entrance  work.  There  will,  con- 
sequently, be  no  admissions  with  conditions  under  the  new 
plan. 

"Students  applying  for  entrance  to  the  University  of 
Chicago  present  by  certificates  from  approved  schools  or  by 
examination  15  units  of  entrance  credits.  Among  these  must 
be  3  units  of  English  and  in  addition  1  principal  group  of 
3  or  more  units,  and  at  least  1  secondary  group  of  2  or  more 
units.  These  additional  groups  may  be  selected  from  among 
the  following  subjects: 

1.  Ancient  languages  (Greek  and  Latin)  it  being  under- 
stood that  to  make  a  group  of  2  or  of  3  units  the  work  must 
be  offered  in  a  single  language. 

2.  Modem  languages  other  than  English ;  to  make  a  group 
of  2  or  of  3  units  the  work  must  be  offered  in  a  single  language 
as  under  group  1. 

3.  Ancient  history,  mediaeval  and  modern  history,  English 
history.  United  States  history,  civics,'  economics. 

4.  Mathematics. 

5.  Physics,  chemistry,  botany,  zoology,  general  biology, 
physiology,  physiography,  general  astronomy. 

"In  group  5  not  less  than  1  unit  may  be  offered  in  either 
physics  or  chemistry.  Any  combination  of  the  subjects  within 
each  group  is  permitted. 


114  BEPOET    OF    COMMITTEE 

"Of  the  15  units  offered  for  entrance  at  least  7  must  be 
selected  from  the  subjects  in  groups  1  to  5. 

"The  remaining  5  units  may  be  selected  from  any  subjects 
for  which  credit  toward  graduation  is  given  by  the  approved 
school  from  which  the  student  receives  his  diploma ;  but  Greek, 
Latin,  French,  Grerman  (or  any  language  other  than  English), 
mathematics,  physics,  and  chemistry,  if  offered,  but  not  as 
above  under  1  and  5  must  each  consist  of  at  least  1  unit. 
Latin  may  not  be  continued  in  college  unless  at  least  2  units 
be  offered." 

The  foregoing  requirements  have  been  quoted  at  length  be- 
cause they  show  not  only  certain  changes  which  have  taken 
place  during  the  past  five  years  but  they  indicate  the  present 
trend  in  entrance  requirements  and  they  also  presage  the 
reason  for  these  changes. 

It  is  true  that  the  University  of  Chicago  has  no  engineer- 
ing departments  but  when  a  university  will  admit  a  man  into 
her  arts  department  on  four  units  of  manual  training  there 
is  a  reason.  As  pointed  out  in  the  preliminary  report  of  the 
Committee  on  Cooperation  with  Secondary  Schools*  it  has 
become  necessary  to  take  cognizance  of  the  fact  that  the  large 
majority  of  students  in  high  school  do  not  go  to  college  at  all. 
nor  have  they  any  intention  of  so  doing.  The  high  school  is 
rapidly  coming  to  relate  itself  directly  to  the  future  life- 
work  of  its  students,  without  the  intervention  of  a  more  ad- 
vanced institution  of  learning.  In  consequence,  profound 
changes  in  curriculum  and  method  are  under  way  which  point 
directly  away  from  the  generally  accepted  notion  of  college 
requirements. 

It  is  no  longer  possible  to  recognize  high  schools  as  "pre- 
paratory schools"  for  colleges  and  universities.  Regardless 
of  college  opinion,  the  tendency  in  American  high  schools 
today  is  toward  a  multiplicity  of  subjects  and  the  develop- 
ment of  affairs  of  life.  If  it  is  argued,  as  it  is  in  some 
quarters,  that  a  high-school  education  is  inadequate  for  such 

•  Proceedings,  Vol.  XXII.  p.  392. 
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preparation,  tlie  answer  is  that  the  problem  is  placed  upon  the 
high  school  to  deal  with  to  the  best  of  its  ability.  Not  over 
ten  per  cent,  should  control  the  ninety  per  cent,  of  the  high- 
school  type. 

In  commenting  upon  this  Mr.  Harrison  "Webb,  of  the  Cen- 
tral   Commercial    and    Manual    Training    High    School    of 
Newark,  N.  J.,  a  member  of  this  Committee,  states :  ' '  The  point 
at   issue,    generally,   between   high   schools   and   engineering 
colleges  is  the  number  of  absolutely  required  credits.     If  a 
student  knows  from  the  day  of  his  entrance  into  high  school 
that  he  is  going  to  an  engineering  college,  the  problem  is  a 
very  easy  one.     But  in  a  technical  high  and  in  schools  of  the 
older  type  as  well,  the  difficulty  lies  in  the  fact  that  a  student 
does  not  find  himself  until  he  has  been  in  the  school  from  one 
to  three  years.     Now  the  formulations  are  entirely  dependent 
on  the  year  in  which  the  subjects  are  taken.     The  simple  fact 
is  that  the  usual  college  entrance  requirement  involves  a  suffi- 
cient number  of  formulations  to  occupy  the  time  of  a  student 
for  four  years.     If,  then,  a  student  has  spent  two  years  in 
commercial  or  classical  work  he  is  at  a  disadvantage  as  com- 
pared with  a  student  whose  first  two  years  have  been  devoted 
to  engineering  preparation.     That  is,  such  would  be  the  case 
were  it  not  for  the  fact  that  the  prejudices  of  an  older  genera- 
tion are  still  so  powerful  in  determining  educational  values 
that  nearly  every  engineering  school  so  arranged  its  required 
and  elective  units  in  entrance  requirement  that  a  student 
graduating  from  a  classical  high  school  can  enter  without 
conditions,  providing  he  has  a  sufficient  mathematical  course. 
"But  no  such  opportunity  is  open  to  the  student  who  has 
entered  a  commercial  course  in  a  high  school.     At  the  present 
time,  however,  nearly  every  high  school  has  a  course  called  a 
general  course,  in  which  a  student  is  allowed  with  proper 
guidance  to  choose  from  a  rather  wide  range  of  selection.     It 
not  infrequently  happens  that  a  student  in  a  general  course 
after  three  years  finds  that  it  will  take  two  years  more  to  enter 
the  engineering  college  without  conditions.     Of  course,  the 
individual  cases  of  this  sort  can  usually  be  taken  up  with  the 
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college  authorities,  particularly  here  in  the  East,  where  de- 
mand for  entering  students  has  in  some  quarters  reached  the 
competitive  state.  But  the  problem  as  it  stands  is  an  increas- 
ingly difficult  one  for  teachers  and  school  authorities. 

"Friendly  cooperation  between  teachers  in  the  technical 
college  and  those  in  the  secondary  school  is  needed  and  will 
do  more  to  bring  about  better  conditions  and  even  better 
preparation  than  any  set  of  regulations  that  could  be  devised. 

''There  are  hundreds  of  able  students  who  ought  to  go 
through  an  academic  or  engineering  college.  The  time  of 
their  leaving  high  school  is  the  turning  point  in  their  lives. 
The  payment  of  tuition,  the  lack  of  parental  interest,  the 
temptations  of  an  immediately  remunerative  position  often 
seem  to  the  students  to  stand  directly  in  the  way  of  their 
receiving  further  education.  Wlien  to  this  is  added  the 
serious  difficulty  which  comes  in  so  arranging  credits  as  to 
permit  the  entrance  into  college  without  conditions,  the 
student  is  more  than  likely  to  give  up  the  idea." 

Here  then  is  the  reason  Chicago  and  many  other  universi- 
ties accept  commercial  and  manual  training  subjects  for  en- 
trance to  college.  They  recognize  the  obligations  which  the 
high  schools  are  under  to  serve  their  own  communities  in  the 
most  efficient  possible  way  without  primary  regard  to  college 
entrance  requirements.  Having  in  mind  the  desirability  to 
render  as  flexible  as  possible  the  conditions  under  which 
students  may  enter  college,  they  demand  only  such  require- 
ments as  seem  indispensable  to  the  continuation  of  the  educa- 
tional work  begun  in  the  schools. 

This  tendency  has  been  developing  rapidly  and,  as  might  be 
expected,  is  especially  marked  in  state  institutions.  This  does 
not  mean  that  there  has  been  a  let-up  in  the  requirements 
during  the  past  five  years ;  on  the  contrary-  the  number  of 
Carnegie  units  has  very  generally  been  increased. 

Many  of  the  colleges  which  previously  required  14  units 
now  require  15;  and  those  which  required  less  than  14  have 
increased  to  14 — in  one  case  the  requirements  have  been  in- 
creased from  8  to  15  units.     In  many  cases,  especially  in 
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state  institutions,  tlie  requirement  demands  graduation  from 
a  four  years'  course  in  an  accredited  high  school  or  in  lieu  of 
this  an  examination  in  15  units  of  work. 

At  the  same  time  it  must  be  recognized  that  subjects  of- 
fered for  entrance  may  seem  to  be  high  without  their  being 
thorough.  This  is  true  of  the  sciences  as  taught  in  many 
high  schools  poorly  equipped  for  laboratory  work,  in  which 
the  whole  field  is  attempted  to  be  covered  instead  of  confining 
the  work  to  such  courses  as  outlined,  for  instance,  in  the  1910 
report. 

The  situation  of  the  modern  languages  at  the  present  time 
is  uncertain.  Many  colleges  do  not  require  any  foreign  lan- 
guage for  entrance  although  it  is  accepted  as  an  elective. 
Others  have  removed  foreign  language  from  the  curriculum 
nor  do  they  require  it  for  entrance.  Several  institutions 
which  formerly  required  two  foreign  languages  for  entrance 
now  demand  only  one.  On  the  other  hand,  there  is  a  desire 
on  the  part  of  some  engineering  colleges  to  eliminate  modern 
language  from  their  courses  but  require  it  for  entrance. 

It  is  to  be  hoped  that  the  high  schools  in  working  out  their 
curricula  for  the  good  of  the  individual  in  their  respective 
communities  will  retain  the  modern  languages  for  aside  from 
their  practical  value  as  pointed  out  by  Mr.  Abraham  Flexner, 
thej^  have  an  educational  value  in  training  the  memory  not 
possessed  by  any  other  study.  It  is,  moreover,  logical  to  have 
the  languages  studied  in  the  earlier  years  for  in  these  years 
language  is  mastered  with  the  least  effort. 

The  Yale-Harvard  plan  has  great  merit  and  doubtless  this 
method  will  be  extended  to  include  many  other  colleges,  for  it 
is  recognized  that  the  certificate  plan  without  some  qualifying 
system  may  become  a  drug  on  any  institution.  Lacking  any 
criterion  of  quality  in  the  preparation  as  determined  by  a  few 
comprehensive  examinations  of  the  candidate  for  admission, 
the  college  must  make  provision  for  determining  and  main- 
taining the  quality  of  the  work  of  its  constituent  schools. 
This,  at  the  present  time,  leaves  much  to  be  desired  but  a 
closer  articulation  between  college  and  school  is  quite  possible 
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and  should  be  maintained  in  order  to  secure  the  best  results. 
Accredited  schools  should  mean  something  more  than  the  pos- 
session of  a  certain  amount  of  physical  equipment. 

Recognizing  the  desirability  of  the  high  schools  to  confine 
the  education  of  their  pupOs  to  the  needs  of  their  particular 
communities,  it  is  inevitable  that  if  the  engineering  colleges 
insist  upon  a  requirement  of  practically  four  years  of  high- 
school  work,  some  of  this  may  have  to  be  commercial  or 
industrial  if  the  engineering  school  is  also  to  fill  its  sphere  of 
usefulness  in  the  community.  Having  this  in  view  it  seems 
reasonable  that  the  engineering  colleges  should  demand  such 
preparation  as  will  enable  the  students  to  satisfactorily  con- 
tinue their  work  in  the  college,  and  in  addition  such  electives 
from  an  approved  list  of  subjects  which  will  tend  toward  a 
breadth  of  intellectual  development :  outside  of  these  required 
and  elective  subjects  the  engineering  college  must  be  content 
to  accept  such  subjects  as  may  form  a  constituent  part  of  any 
approved  course  in  an  accredited  high  school. 

The  requirements  for  admission  then  would  be  as  follows: 
Eight  units  or  seven  from  a  list  of  prescribed  subjects  as 
given  on  page  seven  of  this  report;  four  or  five  units  from 
a  list  of  elective  subjects  as  given  on  page  seven  of  this  report; 
and  three  or  four  units  acceptable  for  graduation  from  the 
particular  high  school  from  which  the  candidate  enters. 

QUOTATIOXS    FROM    REPLIES    TO    QUESTIOXXAIRE. 

Our  entrance  requirements  are  the  same  for  engineers  as 
for  students  in  arts  and  sciences.     Swarthmore  College. 

Technical  schools  must  require  certain  units  for  admission 
on  account  of  the  character  of  their  work.  This  being  done, 
I  do  not  see  why  any  other  work  should  not  be  accepted  with- 
out regard  to  the  subjects.  This  statement  is  made  on  the 
assumption  that  high-school  graduates  are  being  considered. 
Case  School  of  Applied  Science. 

Nine  units  required.  6  units  elective.  Of  these  two  must  be 
chosen  from  the  following:  Foreign  language;  English;  His- 
tory-civics-economics group;  Mathematics;  Natural  Science; 
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and  four  may  be  chosen  from  any  work  certified  as  accepted 
by  the  accredited  school  for  graduation.     University  of  Iowa, 

Ultimately  I  hope  to  bring  about  the  requirement  of  an 
actual  examination  in  English  and  elementary  mathematics 
and  in  one  language  other  than  English  ;  but  our  own  situation 
is  such  that  at  present  I  do  not  think  the  change  would  be 
advisable.     University  of  Virginia. 

For  admission  to  the  college  of  liberal  arts,  we  have  this  year 
dropped  the  requirement  of  solid  geometry.  I  am  somewhat 
fearful  of  the  result  that  this  may  have  on  the  school  of 
applied  science,  but  it  seemed  necessary  for  us  to  drop  this 
requirement,  inasmuch  as  the  great  majority  of  schools  in  the 
state  found  it  absolutely  impossible  to  teach  the  solid  geometry. 
University  of  North  Carolina. 

During  previous  years  we  required  college  algebra  for 
entrance  and  did  not  teach  same  in  college.  We  found,  how- 
ever, that  college  algebra  taught  in  high  schools  is  unsatis- 
factory and  we  decided  to  teach  it  in  our  freshman  year  and 
require  for  entrance  intermediate  algebra.  This  change  has 
led  to  better  preparation  in  the  field  covered  in  the  high 
schools  and  much  better  knowledge  of  mathematics  at  the  end 
of  the  freshman  year  than  under  the  old  arrangement.  Clark- 
son  College  of  Technology. 

Additional  units  up  to  a  maximum  of  four,  accepted  in 
drawing  and  manual  training,  provided  that  any  school  offer- 
ing such  work  for  credit  must  be  especially  inspected  with 
reference  thereto.     Unsigned. 

(1)  A  candidate  for  admission  must  be  a  graduate  of  an 
accredited  high  school  or  other  accredited  school,  and  must 
offer  units  in  prescribed  subjects  (English  3,  mathematics  3, 
physics  1)  and  eight  elective  units  not  more  than  three  of 
which  may  be  from  vocational  or  commercial  subjects.  An 
applicant  who  has  not  been  graduated  must  pass  entrance 
examinations  in  5  units  (English  composition  1  unit;  algebra 
1  unit ;  additional  subjects  to  be  designated  by  the  university 
authorities,  3  units).  (2)  A  candidate  must  present  15  units 
in  acceptable  subjects  at  the  time  of  admission.     It  is  pro- 
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vided,  however,  that  a  student  who  offers  15  acceptable  units, 
including  algebra  1  unit,  English  3  units,  plane  geometiy  1 
unit,  and  science  1  unit,  but  is  deficient  in  advanced  algebra 
1/2  unit,  or  solid  geometry  i/o  unit,  or  both,  may  be  admitted 
to  courses  for  which  he  is  fully  prepared,  subject  to  the  re- 
quirement that  the  deficiencies  in  question  shall  be  removed 
before  he  may  register  for  a  second  year's  work.  University 
of  Illinois. 

The  University  has  become  more  liberal  in  accepting  occupa- 
tional and  other  credits.  Since  the  report  of  Dr.  ]\Iann  of 
the  Carnegie  Foundation,  Secretary  of  the  Committee  on 
Engineering  Education  from  the  engineering  societies  of  the 
United  States,  in  his  report  says :  ' '  That  the  graduate  of  the 
non-technical  high  school  shows  just  as  much  proficiency  as 
the  graduate  of  the  technical  high  school  in  engineering  edu- 
cation" we  have  no  recommendation  to  make.  University  of 
Oklahoma. 

The  only  suggestion  I  could  make  regarding  entrance  re- 
quirements in  general  is  that  it  seems  to  me  there  are  a  great 
many  good  points  in  the  Harvard  scheme  of  accepting  cre- 
dentials, supplemented  by  a  few  test  examinations.  Person- 
ally, I  believe  this  is  the  line  of  progress.  Sibley  College, 
Cornell  University. 

(2)  The  only  suggestion  I  have  to  make  is  the  advisability  of 
considering  whether  the  entrance  requirements  to  an  engineer- 
ing course  should  not  take  into  account  two  kinds  of  mental 
ability,  each  good  in  itself:  (1)  that  which  makes  mathematics 
easy  to  the  student,  and  (2)  the  ability  to  do  things  which 
depend  upon  sound  judgment,  high  development  of  common 
sense  and  an  intuitive  perception  of  the  relations  of  ordinary 
things — the  whole  ability  not  associated  with  ease  in  acquiring 
mathematics.  I  make  this  suggestion  because  I  have  seen  so 
many  students  who  dub  in  mathematics  turn  out  first-rate 
engineers  when  it  came  to  the  test  of  practical  life.  Queens 
University,  Kingston,  Ont. 

Foreign  language  is  no  longer  required  (for  entrance  or  for 
graduation,  although  accepted  for  both  as  electives).     Neither 
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are  advanced  algebra,  solid  geometry  or  physics  definite  re- 
quirements, although  it  is  expected  that  these  will  be  offered 
in  a  very  large  majority  of  cases.  The  requirements  have 
been  made  with  the  thought  of  well-rounded  rather  than 
special  training  without  losing  sight  of  the  fact  that  many 
of  the  students  in  secondary  schools  will  not  know  in  advance 
that  they  will  take  engineering  in  college  or  in  fact  that  they 
will  go  to  college  at  all.  You  will  doubtless  recognize  that  we 
are  considerably  indebted  to  the  last  revisions  at  the  Uni- 
versity of  Chicago.     University  of  Washington. 

Recommend  increased  requirements  in  English  and  arith- 
metic and  modern  languages.  If  we  could  delegate  the  latter 
subject  to  the  preparatory  schools,  we  would  be  glad  to  ex- 
change the  time  required  for  an  equal  amount  of  work  in  the 
sciences.  We  prefer  to  do  the  sceintific  work,  as  we  are  far 
better  equipped  for  this  than  the  preparatory  schools.  We 
would  be  glad  if  they  could  do  all  of  the  necessary  modern 
language  work  and  do  more  work  in  English  and  far  better 
work  in  arithmetic.     University  of  Vermont. 

It  has  been  in  the  mind  of  the  Council  of  our  Engineering 
Faculty  that  we  should  be  relieved  of  the  burden  of  teaching 
modern  languages  in  our  engineering  courses.  It  is  thought 
that  by  raising  the  standard  in  the  modern  languages  re- 
quired, which  are  chiefly  German  and  French,  to  about  the 
equivalent  of  the  first-year  course  in  arts  in  these  subjects, 
the  men  would  have  sufficient  acquaintance  with  these  lan- 
guages to  enable  them  to  read  technical  literature  and  we 
would  be  able  to  devote  more  time  to  technical  subjects.  Uni- 
versity of  Toronto. 

The  elastic  requirements  to  the  college  of  liberal  arts  forced 
the  engineering  colleges  to  modify  their  entrance  require- 
ments. Foreign  language  has  been  removed  from  the  list  of 
constants  and  placed  in  the  electives  for  entrance.  Instead 
of  requiring  physics  at  entrance  we  require  one  year  of  sci- 
ence but  state  that  physics  is  preferred.  At  least  six  hours 
of  foreign  language  must  be  taken  in  the  college  unless 
student  offers  two  units  of  French,  German  or  Spanish  at 
entrance.     University  of  North  Dakota. 
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Total  required  units  9;  list  of  optional  subjects  omitted 
and  6  credits  accepted  from  "other  subjects  taught  in  an  ap- 
proved manner  in  an  accredited  secondary  school."  Uni- 
versity of  Nebraska. 

It  is  desirable  to  require  mathematics  including  what  is 
usually  the  first  year  college  course  for  entrance  to  an  engi- 
neering college  for  those  colleges  which  can  do  it.  "We  can  not. 
AVashington  and  Lee  University. 

Discussion. 

Professor  D.  C.  Jackson:  I  want  to  suggest  that  this  Society 
can  of  itself  do  nothing  with  entrance  requirements.  Of 
course,  it  must  cooperate  with  other  associations  and  organiza- 
tions. If  this  Society  uses  any  influence  at  all,  it  ought  to  use 
its  influence  toward  strengthening  preparation  in  the  old- 
time  subjects,  such  as  philo.sophy,  Latin  and  Greek  because 
these  are  the  things  which  men  who  enter  our  engineering 
schools  will  see  little  more  of,  so  far  as  the  elementary  work  in 
the  profession  is  concerned,  and  for  our  own  needs  we  should 
emphasize  the  importance  as  preparatory  subjects  of  properly 
taught  English,  mathematics,  physics  and  chemistry  or 
biology. 

Our  students  in  the  engineering  schools  will  get  all  the  shop- 
work  and  things  of  that  kind  which  are  necessary.  Therefore, 
it  is  really  important  that  we  use  our  strongest  efforts  to 
obtain  entrance  requirements  for  the  engineering  schools 
which  allow  only  the  minimum  of  artisanship  work,  like  shop- 
work  and  similar  characteristic  work,  although  these  subjects 
are  very  appropriate  as  a  part  of  the  entrance  requirements 
for  the  college  of  arts,  where  the  student  proposes  to  go  on 
with  study,  particularly-  in  the  classics  and  philosophy  and 
literature. 

Professor  Wm.  Kent:  I  think  it  is  practically  useless  for 
the  Society  at  this  time  to  try  to  discuss  this  important  sub- 
ject. Any  report  by  a  committee  ought  to  be  put  into  print 
and  distributed  to  members  of  the  Societv  one  month  before 
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the  meeting.  It  is  useless  to  present  a  report  in  this  way, 
reading  it  from  manuscript  to  people  who  do  not  understand. 

Professor  H.  S.  Philbrick:  I  understand  that  the  report  of 
this  committee  contains  the  statement,  or  at  least  leads  one  to 
think,  that  the  schools  should  be  met  by  the  engineering 
schools  in  the  matter  of  requirements ;  that  is,  that  the  re- 
quirements for  engineering  schools  should  in  general  meet  the 
graduating  requirements  of  our  high  schools. 

Now,  I  believe  that  is  a  very  important  statement,  and  I 
think  the  conclusion  is  quite  right.  In  the  great  technical 
high  schools  in  our  cities,  certain  studies  are  taken  and  certain 
requirements  are  set  for  graduation.  If  we  change  our  ideas 
in  the  engineering  schools,  it  should  be  with  a  view  to  meeting 
these  requirements ;  and  I  believe  that  it  can  be  done  in  most 
cases  with  \ery  slight  changes  in  our  own  entrance  require- 
ments. TVe  must  have  the  idea  that  these  boys  are  entitled  to 
go  to  college  if  they  want  to.  If  we  do  that,  we  shall  open 
the  door  to  a  great  many  boys  who  are  technically  trained ;  we 
shall  admit  them  to  our  colleges,  and  give  them  greater  tech- 
nical training,  and  also  that  general  education  which  most  of 
our  engineering  schools  can  give. 

I  am  glad  to  see  this  statement.  I  hope  I  have  not  mis- 
interpreted it.  If  I  have,  I  have  then  stated  the  attitude 
which  I  think  engineering  schools  should  take. 

Professor  Wm.  A.  Hedrick:  The  requirement  of  giving 
three  credits  in  English,  and  the  second  requirement  of  allow- 
ing either  physics  or  chemistry,  and  not  both,  are  things  I 
should  like  to  speak  about.  I  know  a  number  of  English 
courses  in  which  Chaucer  is  a  large  part  of  the  course.  It 
is  a  question  with  me,  could  not  the  English  work  required  of 
the  student  who  is  to  study  engineering  be  obtained  with 
fewer  credits  out  of  the  total,  and  have  more  credits  given  for 
subjects  of  scientific  importance? 

Then  the  question  of  drawing  is  another  one.  Freehand 
drawing — could  not  that  be  defined  in  some  way  closer  than  it 
is?  If  freehand  drawing  is  drawing  vases,  flowers,  etc., 
couldn't  the  Committee  and  the  Society  suggest  to  the  schools 
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that  they  take  up  the  drawing  of  such  things  as  one  might 
encounter  in  engineering — something  outside  the  conven- 
tionalized decorative  art  subjects? 

Professor  C.  M.  Wirick:  The  report  is  given  almost  entirely 
to  a  statement  of  the  conditions  found  in  these  schools,  and  of 
the  advice  received  from  members  of  the  Society  or  from  in- 
stitutions. 

However  the  colleges  may  feel  about  it.  it  seems  to  me,  from 
what  I  know  about  the  secondary  institutions  in  the  west, 
that  you  will  either  accept  the  graduates  of  these  schools  as 
they  come  out,  or  you  won't  get  them  at  all.  The  high  schools 
have  grown  entirely  away  from  the  idea  that  they  are  fitting 
boys  for  you  to  take.  They  do  not  have  that  attitude  at  all,  if 
they  ever  did  have  it.  They  are  there  for  the  benefit  of  their 
clientele,  in  the  neighborhood,  in  the  city,  in  the  state,  and 
you  may  take  it  or  leave  it,  just  as  you  choose. 

I  suspect  that  the  actual  fact  is  that  very  few  changes  need 
to  be  made  in  bringing  about  coordination.  Unless  the  engi- 
neering schools  are  prepared  to  take  the  students  as  they 
come  from  the  high  schools,  they  won't  be  prepared  to  take 
very  many  from  large  regions  in  the  country.  The  high- 
school  people  look  on  the  attitude  of  college  men  as  being 
dictatorial,  telling  them  what  they  shall  do  and  how  they 
shall  do  it.  I  can't  help  thinking  that  the  course  in  many 
of  these  schools  is  admirably  fitted  as  it  stands  for  entrance 
to  engineering  schools.  It  seems  to  me  a  certificate  and  an 
examination  together  would  be  an  admirable  method  of  sift- 
ing the  students  who  enter. 

Professor  F.  C.  Caldwell:  I  fully  agree  with  Professor 
Jackson  that  it  is  desirable  for  the  man  coming  into  the  engi- 
neering school  to  have  as  broad  a  preparation  as  possible, 
and  not  have  to  sacrifice  cultural  studies  in  favor  of  subjects 
like  shopwork.  But  it  does  seem  that  it  is  a  very  grave  ques- 
tion at  the  present  time  whether  the  study  of  the  ancient 
languages  is  the  best  way  to  obtain  the  desired  breadth.  Sucli 
studies  carried  through  high  school  and  college  give  a  man  a 
broad  and  valuable  training:  but  as  taught  to  high  school 
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students,  who  have  little  or  no  interest  in  them,  they  are  of 
questionable  value  as  cultural  subjects.  In  this  I  am  speaking 
as  one  who  was  brought  up  on  Latin  and  Greek  and  who  in  a 
way  enjoyed  them.  If  we  could  get  the  right  kind  of  work 
along  the  lines  of  history,  economics,  sociology,  and  literature 
it  would,  I  believe,  be  of  greater  value  as  cultural  education. 
It  also  seems  to  me  most  desirable  to  develop  a  greater  interest 
in  reading  modern  literature,  which  very  few  engineering 
students  possess. 

Dr.  C.  R.  Mann:  May  I  inject  a  few  facts?  It  may  be  of 
interest  to  the  Society  to  know  that  the  Massachusetts  In- 
stitute of  Technology  made  a  very  careful  study  of  the  stand- 
ing of  the  students  who  have  come  from  the  various  types  of 
schools ;  and  the  students  who  made  the  highest  average  record 
at  that  school  are  those  who  came  from  the  public  high  schools. 
The  technical  high  school  men  have  a  lower  record  by  several 
points. 

Item  number  two:  The  colleges  for  the  last  twenty-five 
years  have  been  carefully  specifying  what  the  high  schools 
shall  do ;  and  the  result  is  shown  in  the  records  of  the  College 
Entrance  Examination  Board, — the  percentage  of  students 
who  fail  is  not  growing  less.  There  is  an  opportunity  for  the 
engineering  school  to  bring  about  an  improvement  in  the 
matter  of  entrance  requirements  by  not  demanding  a  unit  of 
this  or  a  unit  of  that,  but  by  demanding  certain  abilities  and 
by  defining  those  abilities.  By  the  right  kind  of  tests,  you 
will  be  able  to  find  out  whether  boys  have  the  proper  kinds 
of  ability.  If  you  attack  the  problem  from  that  point  of  view, 
vou  have  a  real  contribution  to  make. 
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Committee  No.  9. 

BY  F.  H.  CONSTANT. 

This  Committee  owes  an  apology  to  the  Society  for  the 
length  of  its  questionnaire.  In  exchanging  views  by  cor- 
respondence, it  soon  developed  that  all-year-round  work  was 
inseparably  connected  with  summer  work ;  and  it  seemed  wise 
to  develop  the  questionnaire  to  include  both.  This  naturally 
led  to  a  much  longer  questionnaire  than  we  hoped  for.  Ex- 
perience has  shown,  however,  that  some  of  the  questions  could 
very  well  have  been  left  out. 

Employment  of  Engineering  Teachers. 

The  questionnaire  published  in  the  June,  1916,  Bulletin 
relating  to  the  employment  of  engineering  teachers  is  the 
joint  work  of  this  Committee,  but  owing  to  delays  in  sending 
it  forth  and  the  slowness  with  which  the  replies  have  come 
back  (they  are  still  coming)  the  other  members  of  the  Com- 
mittee have  had  no  opportunity  to  see  them,  much  less  to 
formulate  a  joint  report.  The  chairman,  therefore,  will  have 
to  report  progress  and  be  content  at  this  time  to  give  only 
a  brief  resume  touching  the  general  nature  of  the  replies.  It 
is  based  upon  about  195  answers,  classified  as  follows : 

Group       I,  from  teachers  of  professional  subjects  (145  replies). 
Group     II,  from  teachers  of  applied   science    (11   replies). 
Group  III,  from  teachers  of  pure  sciences   (39   replies). 

The  lines  drawn  are  not  sharp  but  it  is  proper  to  take  into 
account  some  difference  in  point  of  view.  It  must  also  be 
understood  that  from  the  very  nature  of  the  questionnaire  no 
accurate  tabulation  of  the  replies  on  a  percentage  basis  is 
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possible.     Such  a  tabulation  can  only  be  broadly  approximate. 

The  purpose  of  questions  1  to  5  was  to  get  some  statistical 
information  of  the  outside  work  actually  being  done  by  engi- 
neering teachers.  The  number  of  replies  is  insufficient  to  give 
more  than  a  general  idea  of  conditions  and  the  opinion  of 
engineering  teachers  regarding  this  vital  matter.  A  much 
larger  return  is  earnestly  solicited,  the  results  to  be  published 
at  a  later  date. 

The  replies  to  question  No.  1  are  tabulated  below.  The 
groups  (I,  II,  and  III)  refer  to  those  listed  above,  while  the 
headings  of  the  column  refer  to  the  different  kinds  of  work  as 
classified  under  question  1. 

All  replies  not  representative  of  the  conditions  of  the  aver- 
age teacher  with  the  normal  length  of  vocation  (from  12  to 
15  weeks)  were  excluded. 


Group. 

A.  '1    B.    1    C. 

D. 

^.  1  i^.  1   G.  1  i/.  1    I. 

Replies 

Percent. 

Used. 

I 

5J 
11 
1? 

6 

8 
104 

11 

5 

10 

6 
2J 

73 

6J 
11.7 

7? 

27.2 

29 

1? 

8.8 

15.2 

86 

22      4 
14.5    1.1 
25      7.8 

116 

II 

11 

Ill 

39 

Answers  to  qxiestion  No.  2  are  tabulated  below.  In  this 
group  all  teachers  were  included,  whatever  the  length  of 
vacation. 


Group. 

D. 

E. 

F. 

G. 

Replies. 

A 

4 
6 
4.3 

3.5 

2 

2.1 

4.4 
13 

5.8 

2.2 
1.5 
1.6 

126 

B 

11 

C  

38 

The  uncertainty  of  securing  even  approximately  accurate  re- 
sults will  be  appreciated.  They  indicate  merely  the  relatively 
small  amount  of  time  given  to  outside  employment  during  the 
college  year.  It  was  naturally  D,  E  and  in  some  cases  F 
which  were  continuous. 

Question   2   lih). — With    few    exceptions    practically    all 
answered  no. 
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Question  No.  3. — This  was  not  a  valuable  question  and  was 
answered  more  specifically  under  No.  4  and  Xo.  7.  Generally 
all  work  undertaken  increased  both  income  and  experience. 

Quesiion  No.  4. — Again  a  detailed  answer  is  not  possible. 
In  Group  I  generally  all  report  a  favorable  reaction  upon  the 
teaching  work  for  the  following  reasons : 

Exchange  of  ideas  with  practical  men. 

The  broader  and  especially  the  economic  viewpoint. 

Greater  interest  and  enthusiasm  in  all  work. 

Vitalized  teaching. 

Keeping  up-to-date. 

Outside  practice  furnishing  valuable  illustrative  material  for 
class-room. 

Greater  confidence  of  the  students  in  the  teacher  who  is  him- 
self practicing  what  he  teaches  and  has  standing  among 
business  men. 

A  few  noticed  no  effect  one  way  or  the  other. 

There  were  practically  no  answers  to  this  question  from 
Groups  II  and  III. 

Question  No.  4  (a). — That  work  which  relates  to  the  in- 
vestigation of  specific  problems  or  illustrates  new  applications 
of  fundamental  principles  was  considered  of  the  greatest 
value. 

Question  No.  4  (6). — The  work  of  least  value  is  routine, 
field,  statistical  or  clerical  work,  the  small  job,  summer  teach- 
ing, administrative  detail,  repetition  of  past  experience,  or 
anything  undertaken  for  money  alone.  Many  were  unable  to 
discriminate  between  (a)  and  (&),  finding  all  of  their  work 
of  value.  Generally  D  and  F  are  most  satisfactory,  and  G 
and  I,  least. 

Question  No.  5  (a). — In  Group  I  two  thirds  report  ability 
to  get  summer  work.  It  covers  a  wide  range  such  as  drafting, 
design,  field  work,  mine  examinations,  laboratory  and  plant 
testing,  expert  testimony,  railway  work,  research,  highwaj^'s 
and  drainage,  shop,  parks,  U.  S.  Geodetic  Survey,  inspection, 
consulting,  etc.     The  remaining  third  either  do  not  answer 
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or  report  that  they  have  not  tried  for  summer  work  or  have 
no  opportunity  to  get  any.  In  Group  II,  9  out  of  11  get 
summer  work,  covering  a  similar  range.  In  Group  III,  9 
out  of  39  are  successful,  covering  design,  drafting,  shop,  test- 
ing and  consulting  work. 

Question  No.  5  (&). — Forty-five  per  cent,  do  more  or  less 
work  throughout  the  year.  Most  of  the  remainder  (thirty- 
five  per  cent.)  report  little  or  no  opportunity  for  such  work. 

Question  No.  5  (c). — By  far  the  greatest  difficulty  in  secur- 
ing summer  employment  is  the  shortness  of  the  vacation  and 
the  difficulty  of  getting  a  creditable  piece  of  work  (of  good 
professional  standing) ,  for  a  10-  to  14-week  vacation.  Seventy 
per  cent,  report  such  difficulty.  An  insignificant  per  cent, 
state  that  they  have  no  difficulty.  A  few  have  found  that 
their  sequestered  life  as  teachers  does  not  give  them  the  public 
acquaintanceship  and  standing  necessdry  to  command  con- 
fidence and  consequent  employment.  Twenty-five  per  cent, 
do  not  answer. 

Question  No.  5  (d). — It  is  impossible  to  draw  any  con- 
clusions from  the  answers  since  few  state  whether  the  per- 
centages given  are  based  on  total  income  or  on  the  monthly, 
daily  or  hourly  schedule.  Thirty  per  cent,  report  outside  in- 
come negligible;  twenty  per  cent,  do  not  answer  and  the  re- 
mainder are  able  to  make  from  5  to  400  per  cent.,  the  latter 
being  on  the  hourly  basis.  Probably  most  of  the  replies  are 
on  this  basis,  in  which  case,  for  the  majority  the  outside  pay 
is  somewhat  better  than  that  of  the  college. 

Question  No.  5  (e). — About  forty  per  cent,  answer  with  a 
modified  affirmative;  a  few  have  a  limited  amount  of  time; 
seven  and  one  half  per  cent,  do  not  answer;  about  sixty  per 
cent,  answer  no. 

Question  No.  6. — There  is  a  unanimous  and  very  decided 
affirmative  answer  to  this.  Many  state  that  outside  experi- 
ence is  absolutely  essential;  and  in  some  colleges  only  men 
who  are  in  such  contact  with  outside  practice  are  retained  on 
the  teaching  staff.     The  following  reasons  are  given : 
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Keeps  the  teacher  up  with  the  times. 

Keeps  him  in  touch  with  the  industry  he  serves. 

Gives  him  a  higher  standing  with  his  students  who  look  up 

to  a  man  whose  abilities  are  sought  outside. 
Makes  him  more  practical. 
Brings  him  in  contact  with  actual  conditions  and  working 

men. 
Gives  him  a  change  from  teaching  and  is,  therefore,  a  rest. 

Many,  however,  modify  this  decree.  Such  outside  work 
should  be  done  with  moderation  consistent  with  the  man's 
strength.  It  should  be  in  line  with  the  subjects  taught  and 
should  be  stimulating  and  productive  of  new  and  valuable 
experience  rather  than  of  a  routine  or  pot-boiling  nature. 
Nearly  all  acknowledge  the  need  of  some  genuine  vacation  of 
two  or  three  weeks'  duration  for  rest  and  play. 

Question  No.  7. — The  replies  show  a  difference  of  opinion 
and  when  affirmative  are  generally  modified.  Fourteen  per 
cent,  are  flatly  opposed  to  work  during  the  college  year  on  the 
ground  that  it  will  interfere  with  the  teaching.  The  outside 
work  is  exacting  and  can  not  wait.  It  is  easier  to  neglect  the 
class  room  work.  When  the  teacher  absents  himself  from  the 
class-room  it  reacts  psychologically  upon  the  students,  who 
feel  themselves  neglected.  Even  if  he  is  not  actually  absent 
from  the  scheduled  class  periods,  he  cannot  oversee  nor  correct 
their  work  as  thoroughly  as  he  should,  nor  prepare  himself 
properly  for  the  class-room.  The  outside  work  is  generally 
more  fascinating  than  teaching  and  is  apt  to  enlist  his  major 
interest.  If  he  becomes  too  absorbed  in  practice,  he  may 
emphasize  practical  methods  rather  than  fundamental  prin- 
ciples. A  few  raise  the  delicate  and  much  debated  question 
of  the  propriety  of  the  teacher  competing  with  practicing  engi- 
neers, especially  with  his  own  graduates. 

While  these  dangers  are  recognized  by  nearly  all,  a  ma- 
jority, eighty-four  per  cent.,  favor  a  limited  amount  of  all- 
year  work  properly  safeguarded.  The  difficulty  of  getting 
good  short  summer  jobs  is  recognized  and  all-year  work  seems 
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the  natural  solution.  All  agree  that  it  must  not  be  allowed 
to  interfere  with  the  quality  of  the  teaching.  It  is  justified 
only  when  it  makes  him  a  better  teacher.  It  should  be  of  a 
dignified  nature  and  reflect  credit  upon  the  man  and  the 
college. 

In  regard  to  the  amount  of  such  work,  a  few  place  numer- 
ical limits  ranging  from  four  per  cent,  to  one  third  of  his 
working  time,  but  in  general  it  is  made  to  depend  solely  upon 
non-interference  with  college  duties,  a  matter  to  be  worked 
out  between  the  college  authorities  and  the  man's  own  con- 
science. His  standing  both  in  the  college  and  in  his  pro- 
fession is  the  controlling  factor.  The  older  man  may  safely 
take  on  more  outside  duties  than  the  younger  man  who  neces- 
sarily must  bear  the  burden  of  a  heavier  class-room  schedule, 
and  who  is  still  passing  through  his  apprenticeship  in  the  art 
of  teaching.  On  the  other  hand  the  younger  man  needs  a 
shorter  rest  in  the  summer  and  can  accordingly  take  on  a 
larger  amount  of  summer  work. 

Question  No.  8. — While  many  replies  name  study  and  re- 
search as  the  best  mode  of  summer  employment  for  teachers  of 
pure  science,  a  number  suggest  practical  experience  in  engi- 
neering. There  is,  however,  a  meagerness  of  detail  as  to  how 
they  are  to  get  it.  The  object  is  clear  enough,  to  acquire  at 
first  hand  a  knowledge  of  the  application  of  the  principles 
which  they  are  teaching  to  the  real  problems  of  life.  There  is 
a  tendency  to  group  I  and  II  together,  advocating  practical 
engineering  experience  along  the  line  of  the  subjects  taught 
for  both  groups.  In  Group  II  a  little  more  emphasis  is  placed 
upon  shop  and  laboratory  research. 

Question  No.  9. — The  answers  are  meager.  Some  reply 
tersely  by  saying  "none,"  or  "take  the  best  that  offers,"  or 
"any  employment  rather  than  idleness."  Another  puts  it 
differently,  saying,  ' '  take  the  best  and  refuse  others. ' '  How- 
ever, quite  a  list  of  "don'ts"  is  given,  many  of  which  have 
already  been  mentioned.     Some  of  these  are  : 
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Everything  not  engineering. 

"Wliatever  does  not  enlarge  the  viewpoint. 

Whatever  is  injurious  to  health. 

What  is  merely  routine. 

The  purely  commercial. 

Summer  teaching,  etc. 

Question  No.  10. — There  is  a  divided  opinion.  Nearly  all 
the  affirmative  replies  (forty-two  per  cent.)  are  modified, 
stating  that  the  plan  may  work  in  special  cases,  and  that  it 
is  more  applicable  for  the  older  than  for  the  younger  men. 
Fourteen  per  cent,  are  still  more  doubtful  of  its  w^  isdom,  while 
forty  per  cent,  are  emphatically  opposed.  In  no  case  should 
more  than  a  small  per  cent,  of  the  faculty  be  so  employed. 
The  benefits  to  college  and  student  are  the  same  as  those  from 
all  outside  employment. 

Question  No.  11. — There  is  a  rather  emphatic  opinion  that 
the  plan  of  No.  11  is  preferable  to  that  of  No.  10.  Fifty 
per  cent,  favor  this  plan,  eleven  per  cent,  are  in  doubt  and 
thirty-two  per  cent,  consider  it  impracticable  except  in  special 
cases. 

Question  No.  12. — This  question  has  already  been  answered. 

Question  No.  13. — While  a  few  favor  a  complete  rest 
throughout  the  entire  vacation,  reserving  part  of  the  time  for 
study  and  preparation,  the  opinion  is  pretty  emphatic  and 
nearly  unanimous  that  change  of  occupation  with  a  little 
recreating  rest  of  from  two  to  four  weeks  answers  the  pur- 
pose sufficiently. 

Discussion. 

Dean  A.  H.  Fuller:  While  I  had  nothing  to  do  with  the 
preparation  of  the  report,  I  had  an  opportunity  to  glance  over 
it  for  a  few  moments.  I  will  confine  my  discussion  to  a  few 
points. 

Although  the  number  of  replies  is  altogether  too  small  to 
draw  conclusions  from,  there  are  indications  that  the  amount 
of  work  done  during  the  year  is  very  small — say  five  per  cent, 
of  the  total  time  of  the  teachers ;  and  that  the  summer  work 
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perhaps  exceeds  twenty-five  per  cent,  of  the  total  "vacation" 
time,  involving  about  forty-five  per  cent,  on  the  members  who 
reported. 

The  replies  to  question  4  and  question  6  are  very  much 
along  the  same  line.  They  indicate  that  outside  work  is  de- 
sirable and  perhaps  necessary  for  the  engineering  teacher. 

Going  on  to  question  8,  the  nature  of  the  work,  it  does  not 
seem  to  me  that  the  question  was  worded  right  or  that  the 
replies  brought  back  what  was  most  wanted;  that  is,  the 
nature  of  the  work  as  indicated  does  not  seem  to  me  to  be 
that  which  the  engineering  teacher  should  be  engaged  in. 
From  the  highest  standpoint,  it  would  be  desirable  to  have 
the  work  of  the  college  professor  confined  to  those  problems 
upon  which  his  advice  is  sought  for  consultation.  We  will 
have  to  admit  that  we  cannot  all  reach  that  point.  Some  of 
the  engineering  teachers  are  so  fortunate  as  to  have  extended 
experience  before  coming  into  the  teaching  field,  and  they 
have  reached  that  high  degree  of  eminence.  The  man  who 
goes  into  teaching  early  cannot  reach  it  without  doing  outside 
work.  The  four  or  five  per  cent,  of  work  done  through  the 
college  year,  and  the  twenty-five  per  cent,  or  more  during  the 
summer,  is  not  enough  for  this. 

Going  to  question  10,  regarding  the  part-time  work,  I  think 
the  answers  indicated  rightly  that  that  is  not  the  way  to  get 
outside  experience. 

Question  11,  in  regard  to  breaking  off  from  teaching  for 
one  or  more  years  at  a  time,  seems  to  me  to  suggest  a  most 
desirable  method  of  keeping  in  touch  with  engineering  work. 
This  can  be  handled  through  an  occasional  leave  of  absence 
or  perhaps,  by  breaking  away  for  a  series  of  years  and  then 
taking  chances  on  getting  back  into  teaching  again. 

Referring  to  Question  9,  as  to  the  nature  of  work  to  be 
refused,  I  do  not  agree  with  the  gist  of  the  answers.  I  cer- 
tainly do  not  agree  with  the  type  of  answer  which  says, 
"Take  everything  you  can  get."  The  relation  between  the 
engineering  teacher  and  the  practicing  engineer  has  been 
discussed  considerably;  but  it  is  one  question  upon  which 
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there  is  no  satisfactory  agreement.  Practicing  engineers  of 
course,  recognize  the  right  of  engineering  teachers  to  prac- 
tice— under  conditions  that  are  fair.  Many  engineering 
teachers  have  antagonized  outside  men  and  brought  discredit 
upon  the  professor  by  taking  up  lines  of  work  for  which  they 
are  not  prepared.  A  teacher  should  refuse  work  which  he 
can  not  handle  in  a  creditable  manner.  If  the  instructor  is 
particularly  fitted  for  structural  work,  let  him  pass  the  sewer 
job  which  is  offered  him  over  to  a  colleague  or  to  some  engi- 
neer who  is  practicing  along  that  line.  By  following  this 
policy  and  taking  care  that  compensation  is  kept  upon  a 
-Strictly  professional  basis,  friction  between  engineers  and  edu- 
cators would  be  replaced  by  heartj*  cooperation. 

Professor  D.  C.  Jackson:  I  suppose  that  Professor  Con- 
stant asked  me  to  come  into  this  discussion  because  I  wrote 
a  letter  taking  some  rather  sharp  issues  with  his  questionnaire. 

The  first  question  of  the  questionnaire  says:  ''Give  the 
number  of  weeks  covered  by  your  summer  vacations  and 
the  percentage  of  time  which  you  have  devoted  during  the 
past  five  summers  to  emplo^Tuent.  classified  generally  as  fol- 
lows: Teaching,  Study,  Preparation  for  work  of  following 
sessions,"  and  so  on.  Give  this  for  five  years.  I  answered 
that  in  my  opinion,  most  active  men  who  are  properly  fitted 
to  be  professors  of  engineering  of  the  finest  type  do  not  keep 
records  of  their  ways;  and  that  these  various  employments 
react  upon  each  other  in  such  fashion  that  they  can  not  be 
separated.  For  instance,  during  the  summer  a  man  may  not 
do  any  teaching;  but  if  he  is  doing  professional  work  along 
the  line  of  next  year's  teaching,  he  is  preparing  for  the  latter 
also.  Again,  he  may  spend  the  summer  in  study  and  the 
subject  may  be  outside  his  teaching  line:  yet.  it  may  well  be 
that  it  adds  fruitfully  to  his  teaching  in  the  following  session. 
If  a  man  is  doing  research,  he  will  be  studying ;  if  he  is  writing 
books,  the  same  thing  is  true ;  and  each  of  these  will  usually 
add  to  his  fruitfulness  as  a  teacher. 

In  respect  to  the  summer  vacation,  I  happened  to  think  of 
an  active-minded  colleague  of  mine  at  Boston,  with  whom  I 
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was  not -long  ago  discussing  its  proper  use.  He  said:  "The 
other  day  I  was  in  the  office  of  a  banker  in  the  city,  and  the 
banker  said  to  me  'Well,  I  suppose  you  will  soon  be  going  off 
on  your  vacation ' ;  and  I  said,  '  No,  I  don 't  have  time  for  that ; 
I  have  to  study  and  work.'  The  banker  said:  'We  men  of 
business  can  not  afford  to  spend  three  or  four  months  each 
year  in  holidays.  If  we  did,  we  would  not  be  able  to  do 
the  work  the  nation  demands.'  "  I  believe  the  banker  is 
right,  and  I  believe  his  view  is  applicable  to  school  teachers 
as  well.  Amongst  many  of  our  faculty  colleagues  outside 
of  engineering  I  think  the  opposite  opinion  is  held.  Some  of 
them  seem  to  hold  the  proposition  that  their  minds  should 
have  three  or  four  months  each  year  in  which  to  lie  perfectly 
fallow,  but  I  do  not  believe  we  engineering  teachers  can  follow 
the  latter  proposition  and  fulfill  our  duty  to  our  profession. 

Apparently  some  answers  which  Professor  Constant  has 
received  suggest  that  it  is  not  desirable  to  encourage  our 
younger  engineering  teachers  to  do  professional  engineer- 
ing work,  because  it  may  prove  too  fascinating  and  they  will 
be  lost  to  teaching,  I  will  say  to  you  that  any  one  who 
finds  such  work  more  fascinating  than  teaching  ought  not  to 
be  a  teacher.  I  will  propose  a  counter-proposition :  It  is  good 
for  every  engineering  teacher  to  get  into  professional  engi- 
neering work  and  if  it  proves  more  fascinating  to  him  than 
teaching,  then  he  should  get  into  the  thing  he  likes  most.  It 
is  desirable,  too,  that  men  should  be  brought  from  active 
practice  to  teaching,  as  some  of  these  may  find  teaching  more 
fascinating  and  they  may  wish  to  remain  in  it. 

Dean  W.  M.  Thornton :  What  I  have  to  say  will  relate  par- 
ticularly to  our  own  practice ;  and  that  practice  represents 
my  views  and  represents  the  views  of  our  university.  Our 
governing  board — what  we  call  the  board  of  visitors — in  times 
past  was  a  little  jealous  of  a  professor  giving  any  of  his  time 
to  anything  but  teaching;  and  so  they  have  had  a  rule  for  a 
great  many  years — it  is  a  rule  even  now — that  any  man  who 
wants  to  go  into  outside  work  shall  get  specific  permission 
from  the  board  of  visitors  to  do  so.     That  is  for  the  regular 
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session,  of  course;  the  vacation  time  is  free.  I  hare  never 
known  the  board  of  visitors  to  refuse  permission  whenever 
it  has  been  asked;  so  we  have  had  men  working  on  outside 
jobs  ever  since  I  knew  anything  about  this  university.  I 
have  never  known  a  case  where  on  the  whole  it  was  not 
beneficial  to  both  parties  concerned. 

"When  our  little  engineering  faculty  was  organized,  we  were 
so  impressed  with  the  desirability  of  such  outside  engage- 
ments that  we  went  to  the  board  of  visitors  and  told  them 
that  we  wanted  the  permission  of  the  board  for  the  men  to 
go  into  outside  work,  any  work  that  seemed  to  them  appro- 
priate and  desirable  and  compatible  with  the  performance  of 
their  coUege  duties.  "We  arranged  a  schedule  of  lectures  by 
which  the  men  in  the  technical  branches  had  their  lectures 
at  one  end  of  the  week,  so  they  could  get  away  at  the  other 
end  without  interfering  with  the  class-room  duties.  A  man 
would  have  class-room  work  concentrated  on  Thursday,  Fri- 
day and  Saturday ;  then  he  could  have  Monday,  Tuesday  and 
Wednesday  for  jobs  which  called  him  away  from  the  uni- 
versity. We  still  operate  on  that  plan,  in  a  measure,  and  I 
believe  the  experience  of  our  teachers  of  engineering  has  been 
that  the  outside  work  has  helped  them  greatly  with  their 
coUege  work.  They  have  done  better  college  work,  and  the 
classes  have  felt  the  influence  of  it.  So  I  have  never  been 
led  to  question  the  wisdom  of  our  decision. 

On  the  other  hand.  I  must  say  that  in  a  school  placed  as 
this  one  is,  in  agricultural  surroundings,  the  calls  for  out- 
side work  are  not  so  abundant  as  they  would  be  in  a  more 
highlj'  organized  industrial  location;  and  therefore  the  men 
are  not  tempted  to  do  too  much,  more  than  men  in  a  normal 
state  of  health  can  do.  One  of  our  professors  had  to  give 
up  his  outside  work  because  he  found  it  too  much  of  a  burden. 
That  is  the  only  case  we  have  had  where  any  trouble  oc- 
curred. The  effect  on  his  teaching  was  altogether  satisfac- 
tory'^; the  trouble  was  with  his  own  strength. 

I  must  confess,  as  I  grow  older,  that  I  become  more  and 
more  reluctant  to  give  up  my  vacations  to  routine  work.     I 
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still  keep  pretty  busy  all  the  time;  but  I  find  that  routine 
work  becomes  more  and  more  distasteful,  and  I  have  cut  it 
out  to  a  considerable  extent.  New  work,  work  that  is  interest- 
ing, work  that  is  stimulating,  I  think  a  man  may  undertake 
at  any  period  of  his  life. 

It  seemed  to  me,  when  I  read  the  questionnaire,  that 
there  were  a  lot  of  unanswerable  questions  in  it.  So  much 
depends  upon  local  conditions,  so  much  upon  the  age  of  the 
person  who  answers  the  questions.  A  man  would  do  certain 
things  at  one  time  in  his  life  which  he  would  be  unwilling  to 
do  at  another  time.  So  many  things  of  that  sort  are  involved 
that  I  could  hardly  see  that  much  was  to  be  gained  by  trjdng 
to  answer  all  those  questions,  without  making  special  refer- 
ence to  the  particular  circumstances  that  surrounded  the 
person  who  answered  them. 

In  conclusion.  I  should  simply  repeat  that  we  believe  in 
giving  the  teachers  of  engineering  subjects  opportunity  to  do 
professional  work,  and  that  our  experience  has  been,  almost 
without  exception,  that  it  is  in  every  way  desirable. 

President  K.  G.  Matheson:  I  should  like  to  ask  Professor 
Jackson  a  practical  question ;  that  is,  if  he  finds  any  objection 
on  the  part  of  his  graduates  to  his  teachers  indulging  in  engi- 
neering work.  We  are  just  beginning  in  Georgia  Tech.  to  do 
some  extension  work,  and  we  find  indications  of  serious  ob- 
jections on  the  part  of  our  graduates.  I  would  like  to  get  the 
benefit  of  Professor  Jackson's  experience. 

Professor  Jackson:  Before  I  answer  that  question,  may  I 
say  to  the  chairman  of  this  Committee  that  while  I  rather 
vigorously  presented  my  views  which  differ  in  their  stand- 
point from  the  standpoint  of  the  answers  which  Professor 
Constant  has  reported,  I  want  to  offer  my  meed  of  recogni- 
tion to  the  hard  work  and  excellent  work  which  has  been 
put  into  this  inquiry.  The  answers  received  are  no  fault  of 
the  chairman,  but  of  those  who  did  the  answering.  My  ob- 
jection is  largely  in  regard  to  the  questionnaire  subject 
assigned  to  the  Committee. 

As  I  understood  President  Matheson 's  question:  **Do  the 
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alumni  of  ^Massachusetts  Institute  of  Technology  object  to 
our  teachers  doing  work  in  engineering  practice?"  I  do  not 
think  there  is  any  objection — there  is  no  serious  objection — 
from  the  alumni.  Indeed  the  Alumni  have  criticized  some 
departments  in  the  Institute  on  the  ground  that  the  pro- 
fessors in  those  departments  have  not  taken  a  reasonable 
interest  in  engineering  practice  nor  an  adequate  interest  in 
the  professional  engineering  societies.  The  alumni  of  the  In- 
stitute have  been  rather  anxious  for  such  participation  by 
our  faculty  members;  and  I  think  a  large  part  of  the  eastern 
engineers  would  support  this  attitude,  feeling  that  it  is  to  the 
advantage  of  the  profession  to  have  a  considerable  body  of 
engineering  teachers  engaging  in  practical  work. 

Also  this  question  has  heretofore  been  discussed  in  the 
engineering  societies,  and  sometimes  sharp  criticism  has  been 
made.  But  by  and  large,  I  think,  in  the  ea.stern  part  of 
the  country,  and  even  in  the  central-northern  part  of  the 
country,  any  such  criticism  has  long  since  passed  away;  be- 
cause it  is  recognized  that  no  engineering  teacher  is  likely  to 
be  in  objectionable  competition  with  general  practitioners 
when  there  is  such  a  large  amount  of  engineering  work  to 
be  done.  He  is  likely  to  be  a  desirable  factor,  rather  than 
otherwise,  because  he  may  add  a  certain  amount  of  addi- 
tional dignity,  perhaps,  to  the  general  reputation  of  the 
consulting  body. 

Professor  Wm.  Kent :  I  was  asked  to  write  a  paper  for  this 
Society  on  that  very  subject  several  years  ago ;  and  Professor 
Allen  of  Worcester  wrote  one  at  the  same  time.  Both  papers 
are  in  the  Transactions,  Vol.  IX.  At  that  time  I  asked  one 
professor,  "What  do  you  think  about  the  question  of  engi- 
neering professors  doing  outside  work?"  He  said:  "If  I  did 
not,  I  would  starve  to  death."  The  same  conditions  probably 
exist  today. 

Dean  C.  L.  Cory:  I  first  desire  to  say  that  the  Society  is 
under  great  obligations  to  this  committee"  for  the  information 
which  it  has  collected,  and  the  discussion  of  the  report  of  the 
committee  should  be  of  great  assistance  in  properly  guiding 
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all  of  us,  including  the  administrative  officers  of  institutions, 
in  doing  what  is  for  the  best  interest  of  engineering  education. 
For  a  number  of  years  this  matter  has  been  given  the  most 
careful  consideration  on  the  Pacific  coast,  with  the  result  that 
one  fundamental  principle  has  definitely  been  established. 

I  think  you  will  all  agree  to  this  principle,  which  is:  The 
University  comes  first. 

By  saying  that  the  university  comes  first  I  not  only  mean 
that  any  member  in  any  department,  whether  he  be  its  head 
or  an  assistant,  shall  at  all  times  see  to  it  that  his  work  is  so 
done  that  the  work  will  be  as  good  as  it  can  be ;  but  also  that 
his  relation  to  the  university  will  be  such  that  everyone,  from 
the  president  down  to  the  undergraduate,  will  be  glad  to  have 
him  continue  as  a  member  of  the  academic  staff.  I  am  in- 
terested in  the  idea  which  has  been  suggested  in  the  discussion 
that  the  university  graduates  may  criticize  members  of  the 
teaching  staff  for  doing  practical  work  because  by  so  doing  the 
university  graduates  are  prevented  from  doing  such  work 
themselves. 

If,  as  far  as  the  member  of  the  teaching  staff  is  concerned, 
the  university  comes  first,  the  graduates  of  the  university 
will  also  come  first,  and,  no  matter  how  much  outside  work 
may  be  done  by  the  instructor  in  the  university,  such  in- 
structor will  always  cherish  the  opportunity  to  help  the  grad- 
uates and  assist  them  and  not  stand  in  their  way. 

We  can  assist  our  university  graduates  more  in  many  cases 
by  knowing  by  experience  the  character  of  work  they  will  be 
required  to  do  after  leaving  the  university,  and  personal  ex- 
perience with  the  larger  engineering  problems  not  only  assists 
the  instructor  in  becoming  acquainted  with  conditions  but  it 
also  tends  to  make  such  instructor  do  things  more  carefully 
and  more  thoughtfully  than  is  sometimes  his  wont  in  dealing 
with  students  in  the  class  room. 

I  have  heard  it  said  that  it  is  not  physically  possible  for  one 
to  part  his  hair  and  shine  his  shoes  at  the  same  time.  Never- 
theless these  two  things  must  be  done  in  preparing  yourself 
for  proper  presentation  at  dinner.     My  conception  of  the 
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teacher  of  engineering  is  that  he  must  be  what  is  often,  in  the 
vernacular,  termed  "an  all  round  man,"  and  it  is  just  as 
necessary  for  him  to  be  able  to  do  real  engineering  work  as  it 
is  necessary  for  him  to  be  a  teacher.  All  of  us  will  agree,  I 
believe,  that  a  teacher  of  engineering  should  first  be  an  engi- 
neer, second,  he  should  be  a  good  teacher.  Perhaps  I  ought 
to  interchange  these  and  put  it  this  way,  that  he  must  be  a 
teacher,  but  he  certainly  ought  to  be  an  engineer. 

Mr.  Harry  Barker :  In  my  work  I  hear  a  great  deal  of  criti- 
cism of  the  teacher  who  is  doing  outside  work.  I  think  the  bur- 
den of  the  discussion  here  has  been  different  from  the  criti- 
cism which  comes  to  me.  It  is  not  so  much,  as  I  see  it,  that 
teachers  are  competing  with  engineers,  but  that  the  compe- 
tition, as  it  is  conducted,  is  unfair.  That  is,  the  teachers  are 
using  the  institution's  laboratory  facilities  and  employing  the 
students  themselves  in  commercial  work;  while  the  men  who 
get  the  benefit  of  all  this  are  not  paying  what  it  would  cost  an 
independent  engineer  to  furnish  the  same  facilities.  Student 
assistants  cost  little  or  nothing.  The  students  like  the  work 
because  it  gives  them  practice :  the  teachers  like  it  becau.se  it 
gives  the  students  contact  with  practical  work,  and  there  is 
opportunity  to  try  the  laboratory  equipment  in  practical  ex- 
perimentation. "Where  the  use  of  college  plant  and  students 
are  not  very  carefully  governed,  it  gives  rise  to  the  kind  of 
criticism  which  I  hear. 

Professor  G.  R.  Chatbum:  The  figures  do  not  surprise  me 
so  much  in  other  parts  as  they  do  in  the  columns  headed  ^'E" 
and  "7."  Judgine  from  my  own  experience,  I  find  that  the 
community  calls  upon  me  a  great  deal  for  outside  work:  not 
work  that  I  am  paid  for  at  all,  but  work  which  is  absolutely 
free.  For  example.  The  Commercial  Club  of  my  city  drafts 
me  for  service  upon  certain  street  and  road  and  sanitary  com- 
mittees. Other  organizations  of  which  I  happen  to  be  a  mem- 
ber call  upon  me.  Just  a  few  days  ago  it  was  decided  to  erect 
a  new  $100,000  ^Masonic  Temple  in  our  city:  and  notwith- 
standing the  fact  that  I  tried  to  get  out  of  it,  they  insisted  on 
selecting  me  one  of  the  three  men  to  proceed  with  the  build- 
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ing.  I,  and  the  other  members  of  our  faculty  are  frequently 
called  upou  for  lectures  and  addresses,  all  of  which  requires 
considerable  time. 

It  seems  to  me  that  all  of  this  sort  of  thing  counts  for  an 
engineering  teacher ;  and,  furthermore,  I  believe  that  it  is  but 
right  and  just  that  people  who  are  employed  in  public  and 
quasi-public  institutions  of  learning  should  take  an  interest  in 
community  affairs  and  should  devote  a  large  part  of  their  time 
to  those  affairs.  Some  one  said  to  me  :  ' "  Your  vacation  is  com- 
mencing now,  isn't  it?^'  I  said  to  him:  "If  I  were  as  well 
paid  per  hour  for  work  done  outside  the  university  as  I  am 
for  work  inside,  I  would  not  need  to  be  teaching  at  all  now." 

Professor  W.  T.  Magruder:  Professor  Chatburn  has  made 
a  point  which  should  be  emphasized ;  namely,  that  when  boards 
of  trustees,  or  chambers  of  commerce,  or  other  public,  or  quasi- 
public  organizations  ask  professional  engineers  who  are  teach- 
ers to  do  work  for  them  and  to  serve  on  professional  com- 
mittees, it  may  be  their  duty  to  donate  their  services  as  con- 
sulting engineers  to  the  public  welfare;  but  it  is  also  their 
duty  to  tell  the  organization  either  to  get  a  competent  prac- 
ticing engineer  to  do  the  detail  work  and  so  not  to  cut  into 
the  work  of  the  consulting  and  practicing  engineers  of  their 
city,  or  else  to  employ  him  regularly  as  a  professional  engi- 
neer. If  we  cannot  sell  our  services,  but  permit  others  to  get 
them  from  us  for  nothing,  or  below  a  fair  market  price,  the 
fault  is  ours  and  our  competitors  have  a  just  right  to  complain 
and  blame  us.  We  engineers  should  be  professional  men  and 
charge  for  our  services  as  do  the  doctors  and  the  lawyers. 

If  President  IMatheson  and  the  members  of  his  faculty  will 
agree  not  to  cut  prices  on  work  as  it  is  offered  to  Atlanta  en- 
gineers, there  will  be  no  cause  for  criticism  on  this  score  from 
the  graduates  of  the  Georgia  School  of  Technology;  and  if 
they  will  value  their  services  at  from  ten  to  twenty-five  per 
cent,  above  the  prices  as  charged  by  Atlanta  engineers,  there 
will  be  no  competition  and  cause  for  just  recrimination.  At 
our  institution,  an  extra  price  is  charged  for  cream  and  milk 
furnished  by  our  dairy,  and  so  there  is  no  competition  with 
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the  regular  milk  dealei-s.  Purchasers  of  our  dairy  products 
pay  an  extra  price  and  count  on  getting  an  extra  article.  It 
is  interesting  to  note  that  the  demand  exceeds  the  supply. 

This  is  the  same  old  moral,  ethical,  and  professional  ques- 
tion of  cutting  the  price  of  the  regular  practicing  engineer. 
If  an  engineer  in  a  city,  with  an  office  to  maintain,  will  do  a 
piece  of  work  for  one  hundred  dollars,  and  I  offer  and  do  it 
for  fifty,  he  has  good  reason  to  complain.  This  is  particularly 
true  of  routine  work  and  where  university  property  is  used 
gratuitously. 

On  the  other  hand,  my  observation  is  that  the  practicing 
engineer  will  usually  take  everjiihing  that  comes  his  way  and 
send  to  the  teaching  engineer  only  those  pieces  of  work  that 
he  cannot  handle  to  advantage,  does  not  understand,  or  has 
not  facilities  for  performing. 


REPORT   OF   COMMITTEE   ON   MATHEMATICS. 

Committee  No.  10. 

BY  L.  C.  PLANT. 

The  following  questions  were  sent  to  heads  of  departments 
of  mathematics,  physics,  and  mechanics : 

1.  Does  your  department  keep  informed  on  the  work  given 
by  the  other  above-mentioned  departments 

(a)   By  meeting  with  these  departments  for  discussion? 
(&)   By  becoming  conversant,   through  acquaintance  wath 

texts  or  lecture  notes,  with  the  subject  matter  offered 

by  these  departments? 

2.  By  what  means  and  to  what  extent  do  you  endeavor 

(a)   To  prepare  your  students  for  the  particular  work  to 

follow  ? 
(&)   To  base  your  course  on  the  foundations  laid  by  the 

courses  which  precede? 

3.  When  selecting  your  faculty  do  you  take  into  consid- 
eration their  preparation,  ability  and  tastes  in  the  other  sub- 
jects mentioned  as  well  as  in  the  subject  they  will  teach? 

4.  Will  you  state  in  what  ways  coordination  in  these  sub- 
jects may  prove  helpful  ? 

The  following  summary  of  the  replies  is  stated  in  per- 
centages. You  will  appreciate  that  these  percentages  are  only 
approximations,  however,  inasmuch  as  it  is  rather  difficult 
sometimes  to  place  a  reply  in  a  particular  field. 

One  hundred  and  twenty-two  replies  to  the  above  questions 
were  received.  In  different  institutions  mathematics  and 
physics,  physics  and  mechanics,  or  mathematics  and  mechanics 
are  under  one  head.  These  replies,  therefore,  in  many  cases 
include  information  concerning  more  than  one  subject. 

Twenty-five  per  cent,  of  the  replies  to  question  1(a)  are  in 
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the  affirmative,  while  fifty-five  per  cent,  say  the  departments 
keep  informed  on  the  work  given  by  the  other  mentioned  de- 
partments indirectly  by  frequent  informal  discussions  with 
heads  and  instructors  of  the  other  departments. 

In  this  connection,  I  feel  like  enlarging  a  bit  on  question 
1(a).  I  gathered  from  the  replies  that  in  the  main  this  in- 
formation was  gathered  informally.  I  am  afraid  that  in 
many  cases  it  happened  something  like  this :  the  mathematician 
is  walking  across  the  campus,  and  meets  one  of  the  instructors 
in  mechanics.  They  discuss  as  they  walk  along  the  relation 
of  the  departments.  This  counts  as  keeping  informed  on 
what  is  done  in  other  departments. 

Seventy-five  per  cent,  of  the  replies  to  question  1(&)  state 
that  the  department  keeps  informed  in  a  general  way  on  the 
subject-matter  offered  by  the  other  departments. 

Fifty-eight  per  cent,  of  the  replies  to  question  2(o)  state 
that  some  effort  is  made  to  prepare  students  for  the  particular 
work  to  follow. 

In  this  connection,  there  seemed  to  be  a  slight  misunder- 
standing on  the  part  of  a  few  people.  You  know  we  say: 
"prepare  students  for  the  particular  work  to  follow."  Of 
course  it  is  understood  that  we  teach  mathematics  in  order 
to  lay  the  foundation  for  physics  and  mechanics  in  a  general 
way:  but  we  had  in  mind  the  particular  work  in  this  par- 
ticular institution. 

The  following  typical  replies  will  give  some  idea  as  to  the 
means  used: 

""We  endeavor  to  prepare  our  students  for  the  particular 
work  to  follow  by  means  of  special  lectures  as  well  as  informal 
discussions. ' ' 

"We  endeavor  to  prepare  our  students  for  the  particular 
work  to  follow,  first,  by  borrowing  illustrations  for  lectures 
and  laboratory  work  from  subjects  ahead ;  secondly,  by  em- 
phasizing whenever  possible  the  application  of  present  proc- 
esses to  future  work;  thirdly,  by  encouraging  proper  col- 
lateral reading." 

"We  devote  a  good  deal  of  time  to  fundamentals,  and  then 
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give  a  great  many  problems  taken  from  mechanics  and  from 
engineering  texts.  This  requires  a  small  amount  of  extra  ex- 
planation." 

■'The  heads  of  the  various  departments  submit  outlines  of 
work  required  to  meet  their  needs,  and  the  course  in  physics 
is  adapted  to  these  in  so  far  as  possible." 

"One  recitation  each  week  is  devoted  to  problems,  which 
have  particular  bearing  upon  engineering  topics.  For  ex- 
ample, we  devote  especial  attention  to  the  relation  of  prac- 
tical units  to  absolute  units,  measurements  of  mechanics,  heat, 
and  electricity.  We  have  an  understanding  with  the  mem- 
bers of  the  engineering  faculty  that  certain  subjects  in  physics 
will  be  emphasized,  and  other  subjects  touched  upon  lightly, 
depending  upon  the  nature  of  the  course  which  is  to  follow." 

"The  teaching  staff  (in  mechanics)  includes  graduates  in 
civil  engineering,  mechanical  engineering,  and  electrical  engi- 
neering. Thus  the  staff  is  fairly  well  informed  on  the  nature 
of  the  work  to  follow.  By  inquiring  we  get  still  other  in- 
formation about  subsequent  work  and  we  aim  to  make  our 
courses  cover  subsequent  needs.  I  estimate  that  fifty  per 
cent,  of  our  instruction  is  based  on  subsequent  needs  (in  col- 
lege)." 

Forty  per  cent,  of  the  replies  to  question  2(&)  state  that 
either  through  acquaintance  with  texts  used  in  preceding 
courses  or  by  interchange  of  instructors  they  are  fairly  well 
acquainted  with  the  particular  preparation  of  their  students. 

Sixty  per  cent,  of  the  replies  to  question  3  say  ideally,  yes, 
but  in  practice,  it  is  difficult  to  find  the  man  who  can  qualify 
or  to  find  the  money  with  which  to  get  the  man. 

Question  four,  "Will  you  state  in  what  ways  coordination 
in  these  subjects  may  prove  helpful?"  received  such  a  vig- 
orous response  that  it  seems  wise  to  quote  at  some  length  from 
these  replies.  The  following  quotations  are  taken  about 
equally  from  departments  of  mathematics,  mechanics,  and 
physics : 

"Answering  somewhat  in  the  negative  we  would  say  that 
we  do  not  see  how  instruction  can  be  effective  without  some 
coordination." 
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"The  instructors  in  each  department  should  know  just  what 
the  students  have  had  in  other  departments  and  not  accept 
'  never  heard  of  it  before '  as  an  excuse  from  students. ' ' 

"Coordination  would  be  a  saving  in  time  and  would  make 
for  efficiency  in  teaching." 

' '  One  way  in  which  coordination  would  prove  helpful  would 
be  for  departments  to  furnish  lists  of  problems  and  principles 
which  the  student  will  encounter  in  his  later  studies." 

"I  think  that  coordination  may  prove  helpful  in  the  dis- 
cussion of  such  subjects  as  mass,  velocity,  and  motion  in  gen- 
eral. Students  frequently  are  confused  by  the  explanations 
of  the  physics  department  differing  from  those  of  the  me- 
chanics department.  After  a  conference  these  things  could 
be  explained  similarly  and  save  a  lot  of  discouragement  on 
the  part  of  the  student  and  energy  on  the  part  of  the  in- 
structor. Coordination  between  mathematics  and  mechanics 
may  improve  the  results  in  the  mathematics  department  by 
bringing  about  a  closer  relation  between  pure  mathematics  and 
its  application  and  relieving  the  mechanics  department  of 
some  teaching  of  pure  mathematics.  There  is  danger  that 
instructors  may  go  to  the  extreme  in  either  direction  and 
conferences  and  discussions  will  be  helpful  in  promoting 
efficient  work,  efficient  as  measured  by  that  which  the  student 
acquires  in  the  courses.  For  all  three  departments  coordina- 
tion will  enable  a  similar  presentation  to  be  made  in  subjects 
touched  upon  by  each  and  the  emphasis  may  be  placed  to 
bring  out  the  individual  point  of  view  without  danger  of  con- 
fusion." 

"Coordination  would  mean  a  saving  of  time  of  the  pupil." 

"Exact  knowledge  in  each  case  of  what  the  other  is  teach- 
ing is  the  only  basis  of  successful  cooperation.  Our  instruct- 
ors visit  (for  a  whole  semester)  classes  in  mechanics,  hy- 
draulics, and  other  subjects  demanding  a  knowledge  of  math- 
ematics, and  it  would  do  some  engineers  good  to  visit  our 
classes. ' ' 

"In  the  crowded  state  of  the  present  engineering  courses, 
we  have  found  it  absolutely  necessarv  to  give  some  time  to 
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adjust  the  differences  in  notation  used  in  the  various  depart- 
ments, especially  in  the  matter  of  the  calculus.  ^Ve  have  also 
found  it  necessary  to  coordinate  the  work  of  the  above-men- 
tioned departments  as  fully  as  possible.  "We  have  found  that 
a  student  who  is  grounded  thoroughly  in  our  department  in 
the  calculus  developed  by  the  method  of  limits  has  great 
trouble  when  he  comes  to  the  engineering  courses  using  text- 
books in  which  the  relatively  old  and  antiquated  methods  in 
the  calculus  are  used.  Some  effort  is  being  made  to  get  rid  of 
this  difficulty,  but  at  present,  the  best  solution  does  not  seem 
to  have  occurred  to  us." 

"I  believe  in  the  method  of  all  working  together." 

' '  Coordination  would  impress  the  student  with  the  mutual 
importance  of  these  allied  subjects  and  help  to  remove  the  im- 
pression that  they  are  separate  and  distinct. ' ' 

"Coordination  would  mean  greater  interest  on  the  part  of 
the  student.  It  would  mean  breadth  of  view  of  subject  on  the 
part  of  the  instructor,  mutual  helpfulness  and  better  under- 
standing between  departments." 

"I  find  the  greatest  need  for  coordination  in  problem  work. 
Much  time  can  be  saved  and  better  results  obtained  when  the 
problems  are  so  stated  and  so  discussed  in  the  three  depart- 
ments mentioned  above,  that  the  students  realize  the  intimate 
relations  between  these  subjects.  The  theoretical  discussions 
in  these  departments  will  necessarily  be  from  somewhat  dif- 
ferent points  of  view. ' ' 

"Each  should  be  reasonably  familiar  with  the  work  of  the 
allied  departments.  This  is  just  as  true  of  the  engineering 
department  as  of  the  mathematics  department.  One  trouble 
is  that  the  'engineer's  math.'  is  not  up  to  date,  and  the  same 
is  true,  perhaps,  of  the  mathematician's  applications." 

"Coordination  would  avoid  the  unsatisfactory  results 
brought  on  by  a  disjointed  course.  It  would  secure  the  proper 
repetition  of  those  facts  and  principles  which  are  fundamental, 
and  which  must  be  repeated  a  number  of  times  before  a  proper 
understanding  is  attained.  Proper  repetition  is  a  keynote  in 
education." 
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"Each  department  should  make  its  own  work  dovetail  into 
the  work  of  the  other  departments  in  such  a  way  that  the  stu- 
dents are  led  to  see  that  the  relation  existing  between  them  is 
very  close.  The  teacher  in  mathematics  should  keep  constantly 
in  mind  the  fact  that  his  work  is  to  become  a  useful  tool  in 
the  hands  of  his  students  for  dealing  with  future  difficulties, ' ' 

"Teachers  in  earlier  subjects  would  know  more  clearly  what 
particular  points  should  be  drilled  on  for  benefit  of  follow- 
ing courses.  Teachers  in  later  courses  would  know  more 
clearly  what  preparation  to  count  on.  Some  unnecessary  du- 
plication would  be  avoided." 

"I  believe  that  formal  conferences  between  the  faculties  of 
mathematics,  physics,  and  mechanics  would  prove  very  bene- 
ficial in  coordinating  the  work  of  these  departments,  provided, 
of  course,  these  conferences  were  entered  into  in  the  right 
spirit  and  with  a  determination  to  fully  cooperate." 

In  a  few  institutions  an  engineering  council,  composed  of 
the  heads  of  departments,  has  charge  of  courses  of  study  and 
hence  the  sequence  of  studies.  This  council  in  some  cases 
looks  after  coordination  in  a  limited  way, 

COXCLUSIONS  OF  THE   COMMITTEE. 

The  need  for  more  thorough  coordination  of  mathematics, 
physics,  and  mechanics  seems  so  imperative  that  it  should  re- 
ceive careful  sympathetic  attention  by  the  departments  con- 
cerned. 

The  Committee  believes  that  is  it  very  desirable  that  teach- 
ers in  all  of  these  departments  be  men  of  broad  interests  and 
broad  knowledge  and  that  they  should  be  reasonably  informed 
concerning  the  work  in  the  other  allied  departments.  It  is 
evidently  too  much  to  expect  under  our  present  conditions  of 
salary  and  tenure  of  appointment  that  a  given  man  should 
have  been  trained  as  a  specialist  in  more  than  one  line.  For 
this  reason  we  believe  that  it  is  unwise  to  require  that  a  teacher 
in  one  department  shall  have  specialized  in  another.  It  is  not 
too  much  to  expect,  however,  that  his  sympathies  be  in  the 
direction  of  scientific  and  engineering  work. 
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It  is  the  belief  of  the  Committee  that  ou  certain  mooted 
questions,  such  as  the  questions  in  mechanics  which  have  been 
discussed  recently,  it  would  be  preferable  from  the  standpoint 
of  the  student  for  the  whole  faculty  to  adopt  some  one  of  the 
proposed  schemes  even  though  it  be  not  the  best  one  rather 
than  that  the  same  student  should  struggle  with  all  of  these 
points  in  view.  Thus  we  believe  that  it  is  far  more  important 
that  an  agreement  be  reached  in  each  separate  institution 
than  that  there  be  an  agreement  between  all  institutions  since 
we  may  assume  that  no  one  point  of  view  is  utterly  bad. 

"We  therefore  recommend  that  this  Society  recommend  to 
the  various  institutions  that  each  institution  attempt  the  for- 
mation of  a  committee  to  include  representatives  of  all  de- 
partments aiSfected  and  that  this  committee  be  given  as  broad 
powers  as  local  conditions  will  permit.  This  same  committee 
might  discuss  such  questions  as  unification  of  notation,  the 
use  of  integral  tables  and  other  tables,  and  so  forth. 

If  successful  coordination  is  accomplished  it  will  be  accom- 
plished by  the  mathematics  department  giving  the  student  the 
proper  mathematical  perspective  of  physics  and  mechanics  and 
by  the  departments  of  physics  and  mechanics  developing  their 
work  in  such  a  way  that  mathematics,  physics  and  mechanics 
form  a  'continuous  science.  This  does  not  mean  that  physics 
and  mechanics  need  be  overmathematical. 

Such  a  coordination  of  these  branches  would  require  that 
the  mathematician  keep  informed  on  physics  and  mechanics, 
both  theoretical  and  applied,  and  that  the  teachers  of  physics 
and  mechanics  have  a  good  working  knowledge  of  mathematics. 

Discussion. 

Professor  E.  R.  Maurer:  Replying  to  the  invitation  of  the 
Secretary  to  discuss  this  report,  I  said  I  might  have  something 
to  say  on  the  subject.  As  it  turns  out,  I  have  no  contribution 
of  any  considerable  value.  But  I  do  want  to  say  that  the  re- 
sults of  this  questionnaire  and  the  report  of  Dr.  Mann  have 
greatly  strengthened  my  belief  in  the  value  of  coordination. 

Dean  W.  M.  Thornton:  I  do  not  think  it  is  necessary  to 
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consume  much  time  in  this  meeting  with  anything  I  might 
say.  We  have  a  small  school  here.  We  all  know  each  other 
well.  Four  out  of  the  five  professors  in  our  engineering  de- 
partment and  all  the  assistants  were  educated  here.  The  in- 
structors in  physics  and  mathematics  came  to  me  for  me- 
chanics. I  do  not  find  any  lack  of  coordination.  There  is  a 
lack  of  effectiveness  sometimes  in  the  teaching,  due  to  the  fact 
that  the  classes  are  driven  too  fast;  hut  I  do  not  think  that 
comes  from  a  lack  of  coordination.  If  we  had  more  time  to 
speak  on  each  topic  I  believe  the  results  would  be  satisfactory. 

There  is  a  little  lack  which  has  come  up  recently,  but  the 
topic  has  not  been  included  in  this  paper.  Physical  chemistry 
is  given  to  our  chemical  engineers;  but  they  are  admitting 
medical  men  to  the  same  course  who  have  not  had  calculus.  I 
think  that  is  a  place  where  coordination  might  brandish  the 
big  stick  and  do  something. 

Generally,  I  think  we  are  pretty  well  interlocked  from  the 
fact  that  our  teachers  have  studied  in  the  college  schools  in 
physics  and  mathematics,  and  the  mathematics  and  physics 
teachers  have  been  taught  by  us.  We  have  not  such  a  large 
force,  nor  have  we  drawn  them  from  so  many  different  di- 
rections that  they  need  to  be  taught  what  is  being  done  in  the 
other  subjects. 

I  always  get  the  new  text-books  which  are  to  be  used  in  the 
departments  allied  to  engineering  and  see  what  the  classes 
are  going  to  do.  I  think  the  other  professors  do  the  same 
thing.  For  reference  we  use  the  books  which  are  used  as 
texts  in  these  other  departments. 

As  we  have  all  been  living  so  closely  together  and  walking 
hand  in  hand  for  a  long  time,  I  believe  each  professor  knows 
pretty  well  what  the  others  are  doing.  There  is  no  question  as 
to  the  importance  of  that  knowledge,  as  the  Committee  has 
pointed  out.  You  could  not  get  effective  work  done  in  any 
correlated  subjects  unless  each  man  knew  what  the  other  men 
were  about. 

As  far  as  possible,  we  ought  to  remove  stumbling  blocks 
from  the  way  of  our  students.    We  ought  to  be  careful  about 
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that  in  every  department,  particularly  so  in  closely  connected 
departments.  I  hope  the  counsel  of  the  Committee  will  be 
heeded  everywhere;  and  I  believe  that  we  might  benefit  by  it 
here  to  the  extent  of  having  formal  meetings  for  the  consid- 
eration of  these  things,  and  making  sure  that  we  are  not  too 
confident  as  to  our  walk.  I  believe  these  meetings  would  be  of 
great  benefit  to  us.  We  have  trusted  so  far  in  our  relatively 
small  numbers  and  in  fact  that  the  teachers  do  know  each 
other  pretty  intimately  in  a  social  and  friendly  way,  that  they 
do  talk  about  their  work  together,  and  keep  acquainted  with 
books  and  lectures  used  in  the  related  departments. 

Professor  G.  R.  Chatbum:  You  can  get  closer  coordination 
if  you  have  a  department  of  engineering  mathematics  than  if 
you  have  the  department  of  mathematics  in  the  arts  college 
give  the  ordinary  courses  to  the  engineering  students.  The 
same  is  true  of  physics.  However,  in  our  own  institution, 
while  we  do  not  have  separate  systems,  we  have  had  very  good 
cooperation  with  the  mathematical  department;  extremely 
close.  With  the  physics  people  we  do  not  yet  have  the  close 
cooperation  which  we  desire.  I  tried  three  or  four  years  ago 
to  see  if  something  more  in  the  line  of  cooperation  could  not 
be  brought  about.  I  wrote  letters  to  the  several  departments 
of  the  engineering  college  asking  them  to  state  to  me  ex- 
plicitly what  they  would  like  to  have  me  teach  in  mechanics. 
Each  of  the  departments  acknowledged  my  letter  very  cour- 
teously, but  only  one  made  a  single  suggestion.  The  rest  of 
them  had  no  recommendations  to  make. 

Dean  P.  F.  Walker:  Since  this  is  a  sort  of  personal  ex- 
perience meeting,  I  might  say  that  we  have  at  the  University 
of  Kansas  something  which  is  beginning  to  approximate  the 
situation  at  Colorado,  with  particular  reference  to  mathematics 
and  English.  In  each  of  these  branches  there  is  a  member  of 
the  department  under  the  college  of  liberal  arts,  who  is  set 
aside  to  supervise  the  engineering  work.  The  work  is  carried 
on  in  our  own  building.  The  man  in  each  case  is  in  direct 
charge  of  the  work  given  to  the  engineering  students,  and  is 
making  a  special  study  of  the  needs  of  engineering  students. 
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I  might  add  that  when  men  are  selected  for  these  departments 
I  am  consulted  with  reference  to  desirability  and  fitness,  so 
that  we  are  somewhere  near  the  situation  which  Dean  Ketchum 
has  presented.  We  are  doing  something  also  to  develop  cer- 
tain other  lines  of  work,  such  as  industrial  economics,  in  which 
we  are  giving  the  work  in  our  own  branch  of  the  institution 
by  one  of  our  own  men.  For  the  fundamental  course  in  eco- 
nomies our  men  go  to  the  economics  department,  but  we 
choose  to  give  the  applied  courses  ourselves. 

Mr.  Willis  Whited:  I  would  like  to  make  a  few  suggestions 
regarding  engineering  mathematics.  Mathematics  is  a  very 
extensive  subject,  no  man  can  hope  to  cover  a  very  large  pro- 
portion of  the  subject  in  a  lifetime.  Some  branches  are  ex- 
tremely useful  to  the  engineers,  others  are  of  comparatively 
little  use  to  him.  StiU  others,  so  far  as  can  be  judged  at 
present,  are  of  no  use  to  him,  but  in  few  cases  would  anybody 
feel  certain  that  the  development  of  the  next  half  centurj^  in 
both  mathematics  and  engineering  science  would  not  make 
even  those  branches  quite  useful  to  him.  Some  branches  he 
may  not  have  occasion  to  use  at  all  for  years  and  then  he 
may  have  work  to  do  in  which  they  are  indispensable.  I 
would,  therefore,  suggest  that  branches  like  geometry'  and 
trigonometry-,  which  are  of  in.stant  use.  should  be  taught  quite 
thoroughly,  but  that  only  the  elementary  principles  of  the 
least  useful  branches  be  taught  but  taught  carefully,  so  that 
the  engineer  will  be  able  to  go  into  the  subjects  more  fully 
if  occasion  requires.  Some  branches  that  are  seldom  studied 
by  American  engineers  are  used  quite  freely  by  European 
writers  on  engineering  science.  It  is  not  fair  to  the  future 
American  engineer  to  thus  deny  him  access  to  the  best  Euro- 
pean technical  literature. 

A  reasonable  insight  into  the  methods  and  scope  of  some 
branches  of  modem  mathematics  would.  I  think,  be  worth 
while.  There  are  numerous  problems  in  engineering  science 
that  have  thus  far  baffled  the  mathematicians.  It  is  quite 
possible  that  some  branches  that  are  at  present  looked  upon 
only  as  mathematical  gjnnnastics  will  eventually  be  used  to 
solve  those  verj-  problems. 
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^  Maur  mathematicians  have  a  horror  of  approximate  solu- 
tions. Cases  frequently  occur  in  which  these  answer  the 
purpose  perfectly. 

Professor  D.  C.  Jackson :  Two  suggestions  in  the  remarks 
made  indicate  tendencies.  How  about  thinking  about  them 
a  little,  and  considering  the  desirability  of  these  things  as 
policies?  Professor  Chatburu  said  he  "wrote  letters'^'  to 
tlie  heads  of  other  departments  and  asked  them  for  sug- 
gestions. Professor  Plant  said  he  ''feared"  the  consultations 
which  occurred  while  the  teachers  were  crossing  the  campus. 

I  feel  sure  that  if  Professor  Chatburn  had  made  his  in- 
quiries by  conversation  instead  of  by  letter,  he  would  have 
obtained  some  important  answers.  We  are.  in  each  institu- 
tion, working  together  collectively,  not  individually,  trying 
•to  do  uniform  work,  and  work  which  is  worth  while;  and 
one  does  not  get  the  best  results  under  such  circumstances  by 
writing  letters  to  each  other.  If  the  men  in  the  electrical 
engineering  department  want  to  consult  with  the  men  in  the 
mechanical  engineering  department  in  regard  to  whether  me- 
chanics or  steam  engine  laboratory  is  being  properly  taught, 
the  best  results  are  obtainable  only  by  getting  over  and 
talking  with  them.  TVe  can  well  afford  to  talk  on  the  streets 
and  at  lunch  and  at  other  times,  but  refrain  from  writing 
letters;  because  we  must  recognize  that  the  thing  becomes 
too  rigid  and  non-mutual  under  the  practice  of  letter  writing. 

Of  course,  all  of  us  will  write  letters  to  our  colleagues  in 
the  same  institution,  but  they  are  used  rather  as  memoranda 
of  what  has  been  agreed  to  or  has  been  said  in  the  way  of 
suggestions  that  may  be  taken  up.  rather  than  for  the  actual 
formula  of  a  conference. 

I  was  a  little  shocked  at  Professor  Plant's  implication.  I 
suspect  he  meant  talk  that  comes  to  notliing ;  but  the  implica- 
tion that  he  believed  informal  conferences  and  conversations 
are  not  effective  seems  unfortunate. 

Another  tendency  was  that  presented  by  Dean  Ketchum. 
Perhaps  in  his  situation  it  is  all  right,  but  I  have  always  be- 
lieved that  the  electrical  engineering  department  should  teach 
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electrical  engiueering  and  teach  it  just  as  well  as  it  knows 
how ;  and  that  the  mechanical  engineering  department  should 
do  its  part  with  mechanical  engineering  and  each  keep  its 
hands  off  the  other  fellow's  subject  so  far  as  attempting  to 
teach  it  is  concerned.  No  one  set  of  men  can  become  com- 
petent to  teach  all  the  branches  of  engineering.  Correspond- 
ingly, the  economics  department  must  teach  the  economics 
and  do  so  in  such  a  way  as  to  make  it  thoroughly  simple  to 
engineers.  Perhaps  no  one  knows  what  economics  is,  to  be 
sure,  but  it  is  up  to  the  professor  of  economics  to  prove  that 
he  is  right  in  his  teaching  processes.  If  he  can  not  so  prove, 
it  is  our  business  to  try  to  get  the  president  to  appoint  another 
professor  of  economics — all  in  gentlemanly  fashion,  to  be  sure. 
This  problem  was  satisfactorily  cared  for  some  years  ago 
at  the  University  of  Wisconsin  by  the  appointment  of  the 
late  Dean  Johnson  of  correlating  committees. 

Dean  F.  L.  Bishop :  I  would  like  to  yield  two  minutes  to  Pro- 
fessor Jackson  and  have  him  tell  us  of  the  coordination  which 
exists  in  the  Institute  of  Technology  at  Boston,  between  mathe- 
matics, physics,  mechanics  and  chemistr5\ 

Professor  Jackson:  As  far  as  coordination  between  these 
departments  is  concerned.  I  will  say  that  it  is  very  loose.  It 
is,  however,  not  as  loose  as  Dean  Bishop  thinks  it  is,  because 
the  engineering  departments  put  pressure  on  the  other  de- 
partments to  do  things  in  certain  specific  lines ;  and  when  the 
other  departments  can  bring  convincing  arguments  to  bear 
to  show  that  what  the  engineers  are  asking  for  is  foolish  or 
impracticable  or  not  for  the  best,  the  engineering  depart- 
ments yield.  But  pressure  is  being  put  on  them  to  do  things 
the  engineering  departments  want.  That  holds  them  to  co- 
ordination. They  put  up  a  battle,  of  course,  if  the  thing  is 
not  what  they  think  is  right.  If  the  engineers  ask  for  foolish 
things,  it  is  their  business  to  resist  to  the  uttermost.  On  the 
other  hand,  it  is  the  engineer's  business  to  force  things  upon 
them  by  insisting  upon  good  pedagogical  results.  It  brings 
good  returns. 

President  C.  S.  Howe:  I  wish  to  call  Professor  Jackson's 
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attention  to  the  fact  that  he  can  not  get  rid  of  the  professor 
of  economics.  If  he  does,  he  will  have  the  Association  of  Col- 
lege Professors  after  him. 

I  have  been  very  much  interested  in  what  the  committee 
has  said,  because  it  is  the  subject  to  which  I  have  given  some 
consideration  for  many  years.  Some  twenty  years  ago  1 
called  upon  the  head  of  every  department,  asking  them  to 
suggest  possible  improvements  in  mathematics.  "We  found 
this  course  very  helpful,  and  followed  it  at  Case  School  for 
many  years.  It  did  not  seem,  however,  to  be  sufficient  to 
cover  the  ground.  During  the  last  year  we  have  had  several 
faculty  conferences.  Each  professor  has  been  asked  to  criti- 
cize the  work  of  every  other  department,  so  far  as  it  is  related 
to  his  work;  and  I  may  say  that  we  have  had  some  very 
interesting  meetings.  There  have  been  a  great  many  criti- 
cisms. These  have  been  made  kindly,  but  firmly;  and  I 
think  every  member  of  the  faculty  has  derived  a  great  deal 
of  benefit  from  them. 

Professor  E.  R.  Hedrick:  What  Professor  Jackson  has  said 
shows  that,  after  all,  in  reality  coordination  between  the  de- 
partments is  necessary  for  successful  work.  I  think  it  also 
illustrates  the  fact  that  the  mere  fact  of  getting  a  department 
of  mathematics  into  the  school  of  engineering  is  not  going  to 
solve  the  difficulty.  They  have  all  the  departments  in  one 
school  at  the  Massachusetts  Institute.  Has  that  solved  the 
difficulty?     Not  for  a  moment. 

It  seems  to  me  that  this  puts  the  situation  right  back  where 
the  Committee  wanted  to  put  it.  It  shows  the  necessity  of 
some  kind  of  coordination  between  the  different  departments. 
It  emphasizes  what  Dr.  Mann  spoke  of  last  night  when  he  said 
that  we  had  developed  a  kind  of  senatorial  courtesy  among  the 
departments,  with  the  result  that  there  is  too  much  feeling 
that  each  department  is  a  law  unto  itself.  "We  must  get  over 
this  feeling,  and  we  must  realize  that  things  carried  on  in  one 
department  are  the  business  of  every  one  of  the  other  depart- 
ments. 

"What  the  Committee  wants  is  to  have  this  Society  go  on 
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record  as  advising  the  various  schools  to  try  to  have  that  kind 
of  contact  between  the  various  departments,  to  break  down 
the  walls  of  tradition  and  false  courtesy  between  the  depart- 
ments, to  such  an  extent  that  we  can  have  some  real  co- 
operation, so  that  we  shall  quit  teaching-,  as  is  sometimes  done, 
the  very  same  topic  in  at  least  three  different  ways.  There 
is  nothing  that  is  harder  on  the  student ;  there  is  nothing  that 
results  in  greater  confusion  than  our  present  process  in  most 
schools  of  allowing  total  independence  on  the  part  of  each 
department.  I  for  one  hope  very  much  that  the  Society  will 
do  as  the  Committee  has  suggested.  I  should  like  to  move 
that  the  Society  go  on  record  as  advising  and  urging  the 
formation  of  such  committees  in  each  of  these  institutions. 

Requested  to  make  his  motion  more  clear.  Mr.  Hedrick 
spoke  as  follows : 

I  should  like  to  make  this  motion  broader  than  the  report 
of  the  Committee  would  indicate,  to  have  all  those  depart- 
ments represented  which  are  fundamentally  interested.  I 
think  that  ought  to  be  left  to  local  conditions  to  some  extent ; 
and  certain  other  features  should  also  be  left  to  local  condi- 
tions. For  example,  the  number  of  such  a  committee  would 
have  to  be  left  considerably  to  local  circumstances.  I  admit 
also  that  there  are  institutions  in  which  the  tendency  I  men- 
tioned toward  extraordinary  courtesy  would  persist. 

I  should,  then,  word  the  motion  as  follows:  The  Society 
advises  and  recommends  to  the  various  institutions  that  they 
attempt  to  form  conference  committees,  on  which  there  should 
be  representatives,  at  least  of  the  departments  of  mathematics, 
physics,  and  mechanics,  and  also  of  such  other  departments 
as  may  be  interested." 

I  think  we  cannot  make  it  too  definite,  because  of  the  differ- 
ences in  local  conditions.     Motion  carried. 

Professor  L.  C.  Plant:  I  wish  to  say.  Professor  Jackson, 
tliat  my  remarks  with  reference  to  the  meetings  of  men  and 
the  discussing  of  particular  subjects  as  they  cross  the  campus 
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were  not  intended  to  discourage  such  discussions.  They  are 
very  good,  mdeed,  but  they  should  be  carried  further     In 

three  hours  recently  with  the  professor  in  thermodynamics 
gomg  over  the  entire  subject  with  him,  he  pointin/outTe 
thmgs  he  wanted  the  students  to  know  when  they  come  to 
ardo.^:.  ^''^"^^  ''  ''-''''  ''''  ^^^^^^-*--  ^-  the  Z7Z 

mittel'L'd"'' '' "f :  ''"  '''''"^"*-  ^  ^^^^^-^  that  the  Com^ 
mittee  had  m  mind  this  thing  with  reference  to  knowing  what 
the  other  departments  are  doing;  that  it  is  not  enough  for  h 
mathematics  faculty,  for  example,  to  know  mechanics  and 
physics.  They  should  know  the  methods  of  prese^^I  "n  I^' 
or  less,  .s  well.  Suppose  the  work  in  these  departmenTs 
devdoped  along  the  line  of  vectors.  If  you  know  that,  you 
can  direct  your  courses  better  to  prepare  the  student  for  that 
particular  development. 

One  remark  concerning  the  attitude  brought  out  by  Dean 
Ketchum,  I  have  my  doubts  about  the  wisdom  of  the  engineer- 
ing department   saying,   "Now,   if  this   is  not   done   as   we 
would  like  It,  we  will  form  a  separate  department  of  our  own  " 
Those  of  us  who  have  had  considerable  to  do  with  mathematics 
know  how  poorly  prepared  engineering  students  are  to  teach 
mathematics.     An   engineering  training  furnishes  an  excel- 
lent foundation  for  the  teacher  of  mathematics  but  it  comes 
far  short  of  equiping  him.     The  teacher  of  mathematics  must 
know  his  mathematics  and  then  he  must  be  so  enthusiastic 
over  Its  applications  that  he  creates  in  his  engineering  students 
a  real  desire  to  know  the  subject.     I  would  like  to  leave  this 
thought  with  the  Society:  the  teacher  of  engineering  students 
should  know  his  subject-he  can  not  be  expected  to  be  a 
specialist  m  several  subjects,  but  his  sympathies  toward  the 
other  subjects  in  the  curriculum  should  be  such  that  he  will 
make  every  possible  point  of  contact  between  his  subject  and 
the  other  subjects  of  the  curriculum.     When  this  is  done  then 
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there  is  no  need  for  creating  separate  departments  of  mathe- 
matics, English,  and  so  forth,  for  engineering  students. 

In  way  of  information,  I  might  say  that  our  questionnaire 
was  a  rather  short  one  and  it  might  be  gratifying  to  the  Society 
to  know  that  practically  every  person  who  received  a  copy 
of  that  questionnaire  responded. 
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PHYSICS  TO  STUDENTS  OF  ENGINEERING. 

Committee  No.  11. 

BY  DAYTON  C.  MILLER. 

The  Committee  on  Teaching  Physics  to  Engineering 
Students  made  a  preliminary  report  at  Princeton,  and  a 
further  report  of  progress  at  Ames.  It  was  decided  that  it 
was  not  desirable  to  prepare  a  syllabus  of  physics,  since  the 
content  of  a  general  course  seems  to  be  well  established.  The 
Committee  felt  that  it  was  expected  to  make  recommendations 
for  increasing  the  eiSciency  of  the  teaching  of  physics,  and  it 
was  decided,  therefore,  to  use  the  questionnaire  method,  in 
an  effort  to  obtain  definite  information  regarding  the  current 
faults  and  proposed  remedies. 

The  questions  suggested  at  the  Ames  meeting  were  sub- 
mitted, by  mail,  to  all  members  of  the  Committee  for  revision, 
and  later  the  three  questionnaires  printed  in  the  Bulletin  for 
June,  1916,  were  sent  out  to  1,001  members  of  this  Society, 
being  distributed  as  follows :  Questionnaires  A  and  B  were 
sent  to  one  teacher  of  physics  in  each  of  63  different  institu- 
tions; questionnaire  B  was  sent  to  629  teachers  of  various 
branches  of  engineering  in  101  different  institutions,  and 
questionnaire  C  was  sent  to  309  practising  and  consulting 
engineers  not  directly  connected  with  teaching  institutions. 
Answers  have  been  received  from  92  per  cent,  of  the  physicists, 
from  15  per  cent,  of  the  engineering  teachers,  and  from  7.7 
per  cent,  of  the  practising  engineers;  the  number  of  replies 
from  physicists  is  all  that  could  be  hoped  for,  but  the  lack 
of  interest  on  the  part  of  practising  engineers  is  disappointing. 

Perhaps  it  is  unfortunate  that  the  questionnaires  were  sent 
only  to  members  of  the  Society,  as  is  usual;  while  teachers 
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of  engineering  may  be  well  represented  in  the  membership, 
the  representation  of  physicists  and  of  practising  engineers  is 
not  so  good. 

The  questionnaires  were  addressed  to  individuals  and  not  to 
institutions.  While  many  of  those  sending  replies  are  no 
doubt  willing  to  announce  their  names,  yet  a  considerable  pro- 
portion wished  their  identity  to  remain  unknown.  Undoubt- 
edh'  the  answers  would  seem  more  interesting  if  not  more 
valuable,  were  the  personal  element  included.  There  can, 
however,  be  no  harm  in  naming  the  institutions  represented. 
Replies  to  the  questionnaires  have  been  received  from  one  or 
more  teachers  of  physics  or  of  some  branch  of  engineering, 
from  the  following  institutions,  101  in  number  (for  brevity, 
the  word  university,  college,  etc.,  is  not  repeated  in  many  of 
the  names)  ;  Universities — Akron,  Brown,  Bucknell,  Cin- 
cinnati, Chicago,  Columbia,  Cornell,  George  Washington, 
Harvard,  Johns  Hopkins,  Marquette,  McGill,  New  York, 
Northwestern,  Pittsburgh,  Princeton,  Purdue,  Redlands. 
Eochester,  Southern  California,  Stanford,  Toledo,  Tulane, 
Vanderbilt,  Washington  and  Lee,  Yale.  State  Universities 
of — Alabama,  Arizona,  Arkansas,  California,  Colorado, 
Florida,  Idaho,  Hlinois,  Iowa  (Iowa  City),  Iowa  (Ames), 
Kansas,  Kentucky',  Maine,  Michigan,  Minnesota,  Mississippi, 
Missouri,  Nebraska,  North  Carolina,  North  Dakota,  Pennsyl- 
vania, Ohio,  Oklahoma.  Oregon,  Texas,  West  Virginia,  Ver- 
mont, Virginia,  Washington  (State),  Wisconsin,  Wyoming. 
Colleges — Clemson,  Colorado,  Dartmouth,  Haverford,  High- 
land Park,  Lafayette,  Pennsylvania  (Gettysburg),  Pennsyl- 
vania State  (State  College),  Rhode  Island  State,  Rutgers, 
South  Dakota  State,  Trinity,  Tufts,  Washington  State.  Mis- 
cellaneous— Brooklyn  Polytechnic  Institute,  Carnegie  Insti- 
tute of  Technology,  Case  School  of  Applied  Science,  Clarkson 
School  of  Technology,  Colorado  School  of  Mines,  Drexel  In- 
.stitute,  ]\Iassachusetts  Institute  of  Technology,  Michigan 
College  of  Mines,  Rose  Polytechnic  Institute,  Stevens  Institute 
of  Technology,  Throop  College  of  Technology,  United  States 
Naval  Academy,  Virginia  Polytechnic  Institute,  State  Agri- 
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cultural  College  of  Colorado,  Georgia  School  of  Technology, 
Michigan  Agricultural  College,  Mississippi  A.  and  M.  College, 
New  Hampshire  Agricultural  College,  New  Mexico  College 
of  A.  and  M.,  South  Carolina  Agricultural  College,  A.  and  M. 
College  of  Texas,  Nova  Scotia  Technical  College. 

The  replies  to  the  various  questions  have  been  tabulated  and 
summarized,  and  the  conclusions  which  may  be  drawn  will  be 
explained  in  detail. 

Questionnaire  C. 

A^iswered  hy  Practising  Engineers. 
By  means  of  questionnaire  C  it  was  hoped  to  obtain  the 
opinions  of  practising  engineers  regarding  the  teaching  of 
physics.  While  answers  have  been  received  from  only  24  per- 
sons, yet  many  of  these  are  eminent  professional  engineers  and 
occupy  important  official  and  public  positions. 

1.  What  are  the  criticisms  of  the  teaching  of  physics,  as  ob- 
served ly  youf  Fifty-two  per  cent,  of  the  replies  contained 
no  comments  on  this  question ;  the  criticisms  of  the  others  are 
more  or  less  general  in  character,  and  for  convenience  in  this 
report  they  have  been  combined  with  the  answers  to  question 
5  id). 

2.  Do  you  think  the  amount  of  laboratory  icork,  as  usually 
given,  is  sufficient?  Sixty-two  per  cent,  of  the  practising  engi- 
neers vote  that  the  time  generally  allowed  for  laboratory 
physics  is  sufficient. 

3.  Should  the  calculus  methods  be  used  in  general  physics 
courses?  Sixty  per  cent,  of  the  practising  engineers  say  that 
calculus  should  be  used.    Individual  opinions  are : 

No,  because  calculus  is  poorly  taught. 

Calculus  greatly  simplifies  the  subject  and  gives  the  student 
a  clear  understanding  of  physics. 

The  physics  course  should  be  physics  and  not  mathematics. 

I  am  very  strongly  of  the  opinion  that  if  we  are  talking 
about  the  department  of  physics  as  differentiated  from  the 
physics  of  other  departments,  such  as  mechanics,  then  I  be- 
lieve that  the  emphasis  should  be  laid  upon  the  physical  con- 
cept rather  than  upon  the  mathematical  demonstration. 
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4.  Are  the  mathematical  and  theoretical  aspects  of  physics 
of  value  to  the  engineer f  Ninety-five  per  cent,  of  the  prac- 
tising engineers  vote  '  *  Yes, ' '  with  emphasis. 

5.  In  the  light  of  your  experience,  what  changes  would  you 
think  desirable  in  the  education  of  the  engineer  as  to: 

(a)  Time  spent  in  studying  the  fundamental  sciences  as 
compared  with  time  spent  in  studying  the  technology 
of  engineering. 

(6)  Method  of  presenting  ivorh  in  physics. 

(c)  Subject  matter  taught  in  physics. 

(d)  Other  items  relating  to  this  general  subject. 

(a)  One  hundred  per  cent,  of  the  practising  engineers  vote 
that  more  time  should  be  spent  in  studying  the  fundamental 
sciences.  Various  individual  opinions  are  as  follows :  The  best 
results  will  be  obtained  by  teaching  soundly  the  fundamentals, 
such  as  the  natural  sciences,  mathematics,  and  languages. — 
Science  is  fundamental,  technology  should  be  used  only  for 
illustration. — Give  maximum  time  to  fundamentals;  tech- 
nology will  be  readily  acquired  later. 

(&)  There  are  no  definite  criticisms  of  the  methods  of  pre- 
senting work  in  physics  except  such  as  are  noted  under  (d). 

(c)  There  is  a  general  request  for  an  increase  in  the  sub- 
ject matter  relating  to  the  fundamentals  of  physics. 

(d)  Many  interesting  remarks  were  made  under  this  num- 
ber, some  of  which  are  as  follows:  The  strongest  impression 
I  have  gained  from  experience  with  many  college  men  is  the 
lack  of  full  understanding  of  simple  and  fundamental  prin- 
ciples; it  isn't  uncommon  to  find  a  man  who  remembers  a 
catalog  of  engineering  facts  but  falls  down  on  relatively 
simple  problems,  because  he  lacks  knowledge  or  faith,  of  sim- 
ple laws,  such  as  the  conservation  of  energy. — The  greatest 
technical  deficiency  of  young  engineers  is  in  connection  with 
applied  mechanics. — More  systematization  is  needed  in  teach- 
ing physics. — The  student  looks  upon  college  physics  as  a  sup- 
plementary high-school  course :  he  does  not  realize  that  all 
engineering  is  built  upon  four  fundamental  courses  of  math- 
ematics, physics,  chemistry  and  mechanics;  for  this  the  stu- 
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dent  is  not  to  blame,  the  engineering  professor  fails  to  inform 
him  properly.— Engineering  courses  as  a  whole  err  greatly  in 
too  much  technical  specialization;  I  hope  the  day  will  come 
when  all  colleges  will  have  a  four-years  course  in  engineering, 
without  classification,  with  added  graduate  courses  of  one  or 
two  years  in  which  special  courses  are  taught ;  I  would  double 
the  time  spent  on  mathematics,  physics,  chemistry,  and  me- 
chanics. 

Keep  putting  the  students  to  the  test!     There  is  no  use 
in  taking  up  advanced  matters  until  the  student  can  actually 
handle  the  fundamentals  with  real  intelligence. — In   a  col- 
lege  course   in  engineering,   we   should   constantly  keep   in 
mind  that  the  man  who  graduates  will  still  have  to  learn  his 
profession    as    a    specialist    after    graduation.— Courses    and 
methods  should  vary  to  suit  the  student's  individual  aptitude; 
there  should  be  a  general  course  which  everybody  can  pass, 
and  further  courses  for  those  who  can  pass  them  easily ;  those 
who  cannot  should  not  be  made  to  pass  in  spite  of  inaptitude. 
— Civils  should  not  be  compelled  to  waste  their  time  on  such 
topics  as  electrical  theories  and  measurements  or  entropy  and 
allied  subjects.- One  of  the  greatest  mistakes  made  by  colleges 
is  allowing  instructors  who  have  simply  made  rank  in  their 
courses  to  take  up  on  graduating  the  teaching  of  students, 
without  practical  experience  and  without  knowledge  of  the 
principles  of  teaching  or  of  class-room  work  except  as  prac- 
tised upon  themselves ;  in  some  cases  this  amounts  actually  to 
cheating  the  students.— I  believe  the  fundamental  sciences 
should  be  differently  treated  for  different  engineering  groups ; 
more  of  the  historical  side  of  the  evolution  of  physics  should 
be  given  to  bring  out  the  essentials  of  original  research;  a 
practical  attitude  should  consider  accident  prevention,  or  the 
danger  involved  in  the  disregard  of  physical  laws.— An  ex- 
cellent textbook  should  be  used  and  the  professor  should  spend 
a  goodly  part  of  his  time  in  lectures,  laboratory  should  be  col- 
lateral to  this ;  practically  no  time  should  be  given  to  teaching 
technical  applications;  the  man  who  is  firmly  grounded  in  a 
few  of  the  fundamentals  has  an  excellent  basis  for  further  de- 
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velopment. — College  training  should  deal  thoroughly  with 
fundamentals,  and  in  a  descriptive  and  inspirational  way  with 
engineering  technology;  fundamentals  can  be  learned  readily 
in  college  and  with  difficulty  afterwards,  while  the  reverse  is 
true  with  respect  to  engineering  technology. 

Teaching  of  physics  is  not  practical ;  too  much  ground  is 
covered;  material  given  on  electrostatics,  electricitj',  mag- 
netism, etc.,  is  usually  not  understood  by  the  instructor,  this 
material  should  be  omitted  entirely  from  physics  designed 
for  engineering  students.  Hours  are  spent  in  studying  cal- 
culus, physics,  machine  design  and  other  technical  sub- 
jects, where  minutes  are  spent  on  English;  in  proportion 
to  their  importance  after  graduation  this  order  of  things 
should  be  reversed. — Correct  theory  is  always  of  value,  and 
if  theory  is  mastered,  practice  must  necessarily  follow ;  fun- 
damental sciences  should  not  be  neglected  for  specialization 
in  any  line,  for  so  much  that  is  met  with  later  must  go  back  to 
fundamentals  for  solution. — Too  often  the  teachers  are  narrow 
specialists,  possessing  little  knowledge  outside  of  their  limited 
field,  and  their  experience  is  confined  to  the  class-room,  lab- 
oratory, and  the  social  activities  of  the  college  campus  and 
some  religious  organization :  and  their  outside  reading  fre- 
quently consists  of  such  material  as  popular  novels,  a  local 
daily,  the  sporting  news,  and  The  Ladies'  Home  Journal. 

Teachers  should  be  men  of  broad  knowledge  and  wide 
practical  experience,  capable  of  giving  illustrations  of  the 
application  of  scientific  principles,  and  thus  greatly  stimu- 
late the  interest  of  the  student.  Get  the  student  into 
the  habit  of  thinking,  he  is  educated  only  in  proportion 
to  his  ability  to  think.  A  final  examination  which  cannot 
be  given,  permitting  the  student  free  access  to  all  the  volumes 
of  a  library,  is  worthless. — Physics  is  one  of  the  fundamental 
sciences  for  the  electrical  engineer,  and  the  more  the  design 
engineer,  the  works  engineer,  and  the  commercial  engineer 
know  of  physics,  the  better  able  will  they  be  to  answer  the 
many  questions  which  arise  in  connection  with  their  work. 
The  mathematical  and  theoretical  aspects  of  physics  are  of 
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great  value  to  the  engineer ;  we  would  rather  have  the  college 
man  study  the  fundamental  sciences  very  thoroughly,  than  to 
specialize  along  some  line  of  engineering. — The  instruction 
is  too  "scholastic."— The  teacher  gives  too  little  time  to  his 
classes. — The  instruction  is  too  dry  and  lifeless;  it  should 
encourage  the  student  to  think,  question,  and  investigate. — 
Too  much  ground  is  covered. — Too  much  lectures;  too  much 
recent  theories ;  too  much  use  of  the  metric  system ;  too  many 
useless  terms,  as  the  poundal,  slug,  etc. ;  lack  of  experiments 
on  heat. 

The  application  of  fundamental  physical  laws  such  as 
the  law  of  conservation  of  energy  to  engineering  problems 
presented  by  a  slab  or  beam  in  bending  should  be  taught  and 
understood  by  all  students.  A  so-called  research  fellow  in  one 
of  our  leading  universities,  testifying  in  a  recent  patent  suit, 
could  not  conceive  of  any  relation  whatever  between  the  ex- 
ternal work  of  the  loads  and  the  internal  work  of  deformation 
in  a  concrete  slab.  Two  professors  of  civil  engineering,  one  a 
dean,  could  not  understand  why  a  slab  not  thoroughly  har- 
dened in  the  interior  should  give  any  greater  deflections  in 
this  condition  than  it  would  give  when  curved  throughout. 
Thus  we  have  a  dean  in  an  engineering  college  so  lacking  in 
familiarity  with  the  principles  of  physics  that  he  did  not  un- 
derstand the  part  horizontal  shearing  rigidity  plays  in  the 
static  balance  in  opposing  external  work  by  internal  resistance. 
The  manner  in  which  energy  of  internal  work  is  stored  in  an 
elastic  structure  should  be  taught  in  the  course  in  physics  to 
the  engineering  student,  yet  there  is  not  one  graduate  out  of 
fifteen  who  seems  to  have  any  clear-cut  ideas  of  this  subject 
and  many  of  those  teaching  it  are  equally  lame. 

Questionnaire  B. 

Answered  by  one  teacher  of  physics  and  teachers  of  various 
engineering  subjects  in  each  college. 

Questionnaire  B  was  designed  to  furnish  information  in  re- 
gard to  certain  specific  matters  relating  to  the  teaching  of 
physics,  as  viewed  by  the  teacher  of  physics,  and  by  the  teach- 
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ers  of  various  branches  of  engineering  in  the  same  institutions. 

1,  Should  instructioji  in  general  physics  include  such  sub- 
jects as  dimensiotial  equations,  black-body  radiation,  radio- 
activity. X-rays,  etc.? 

The  answers  have  been  analyzed  to  show  the  affirmative  vote 
of  the  physicists  from  fifty-seven  institutions,  the  engineers 
from  the  same  institutions,  engineers  from  other  institutions. 
and  the  averages  of  all  votes. 


Dimensional   Black-t>ody 
EquaUoiB.     Radiation. 

»*^0-           X-Ravs. 
Activity-        -^~'>»- 

Physicists 

Engineers  in  same  institutions 

Other  engineers 

All  votes  

60%           67% 
55               58 
50               48 
54               57 

74% 
58 
56 
03 

80% 
55 
56 
63 

2.  Do  your  students  in  engineering  take  advanced  courses 
in  physics  j'n  addition  to  the  regular  prescribed  courses? 
What  is  the  attitude  of  the  engineering  faculty  in  the  matter? 

Advanced  courses  are  taken  in  27  per  cent,  of  the  institu- 
tions, while  80  per  cent,  of  the  physicists  and  40  per  cent,  of 
the  engineers  vote  in  favor  of  such  courses.  The  reason  almost 
invariably  assigned  for  a  negative  vote  is  that  there  is  no  time 
that  can  be  given  to  advanced  courses. 

3.  Should  calculus  be  a  prerequisite  to  the  course  in 
general  physics?  Should  calculus  methods  be  used  in  the  in- 
struction in  physics? 

Of  the  teachers  of  physics,  31  per  cent,  think  calculus  should 
be  a  prerequisite  to  the  course  in  general  physics,  and  45  per 
cent,  think  calculus  should  be  used  in  the  course ;  36  per  cent, 
of  the  teachers  of  engineering  think  calculus  should  be  a  pre- 
requisite, and  60 .  per  cent,  think  it  should  be  used  in  the 
course:  60  per  cent,  of  the  practising  engineers  vote  for  the 
use  of  calculus  in  teaching  physics.  The  remarkable  feature 
of  this  vote  is  that  60  per  cent,  of  the  practising  engineers 
think  calculus  should  be  used  in  physics,  while  55  per  cent, 
of  the  teachers  of  physics  think  it  should  not  be  used.  The 
reason  assigned  for  not  using  calculus  is  that  it  is  imprac- 
ticable to  arrange  the  schedule  so  that  calculus  can  be  taken 
before  physics. 
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4.  Should  different  courses  in  physics  he  given  to  different 
groups  of  engineers,  as  architects,  electrical  engineers,  etc.? 

Eighty-seven  per  cent,  of  the  teachers  of  physics  and  85  per 
cent,  of  the  teachers  of  engineering  vote  against  differentiation. 
The  opinions  on  this  question  are  very  emphatic :  Yes ;  sound  is 
more  important  to  an  architect  than  to  an  electrical  engineer. 
— I  strongly  favor  the  giving  of  different  courses. — ^No;  the 
best  course  in  physics  is  none  too  good  for  any  of  them,  and 
each  deserves  the  best. — Decidedly  not ! — There  is  some  sense 
in  segregating  boys  and  girls  in  high-school  physics,  and  gen- 
eral students  from  engineers  in  college,  but  none  in  segre- 
gating the  various  groups  of  engineers ;  there  is  enough  prob- 
ability that  they  will  be  narrow,  without  encouraging  it. — 
Physics  should  be  studied  as  a  science  with  especial  reference 
to  physical  explanation  of  phenomena,  and  not  as  a  mere  voca- 
tional subject. — On  no  account !  The  student  should  know  the 
physicist  as  such,  and  become  informed  of  the  things  that  the 
physicist  has  uncovered ;  the  work  should  be  subjective,  stay- 
ing just  as  close  to  nature  as  possible,  omitting  as  little  as  pos- 
sible. 

QUESTIONNAIKE  A. 

Answered  by  teachers  of  physics. 

Questionnaire  A  was  sent  to  one  teacher  of  physics  in  each 
of  63  different  institutions,  and  answers  were  received  from 
57  of  them. 

1.  This  question  related  to  entrance  requirements  in  physics 
and  mathematics  and  the  answers  have  not  been  analyzed, 
since  thej^  are  hardly  complete  enough  to  give  useful  informa- 
tion. 

2.  (a)  What  is  the  minimum  time  given  to  instruction  in 
physics,  hy  lectures,  hy  recitation,  and  hy  laboratory  practice? 
(&)  In  what  year  does  this  work  come?  (c)  In  the  light  of 
your  experience  do  you  recommend  a  different  schedule? 

The  purpose  of  this  question  was  to  ascertain  with  how 
little  physics  a  student  may  be  graduated  from  any  course  in 
the  engineering  department  of  a  college.     Most  institutions, 
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as  shown  by  Question  B-1,  give  the  same  amount  of  physics 
to  all,  while  in  a  few  cases  there  is  great  variation  in  the 
amount  required.  Three  institutions  report  that  students 
may  be  graduated  who  have  had  only  4  semester-hours  of 
lectures  and  recitations  and  4  semester-hours  (actual  time) 
of  laboratory  practice ;  and  in  one  instance  only  2  actual 
hours  per  week  for  one  semester  is  required  in  the  laboratory. 
Thirteen  colleges  require  6  semester  hours,  or  less,  of  lectures 
and  recitations,  while  21  colleges  require  10  semester-hours  or 
more.  Of  the  thirteen  colleges  requiring  six  semester-hours 
or  less  of  lectures  and  recitations,  two  are  in  Ohio,  one  in 
Indiana,  and  the  others  are  in  the  southern  or  far  western 
portions  of  the  country.  Sixty  per  cent,  of  the  institutions  are 
satisfied  with  their  present  schedule  arrangements,  which,  on 
the  average,  allow  9.3  semester-hours  for  lectures  and  recita- 
tions and  7.5  semester-hours  (actual  time)  for  laboratory  prac- 
tice. Forty  per  cent,  of  the  colleges  wish  an  increase  in  time, 
the  average  at  present  being  7.5  semester-hours  for  lectures 
and  recitations,  and  7.9  semester-hours  (actual  time)  for 
laboratory. 

•  The  instruction  in  general  physics  is  given  in  the  sopho- 
more year  in  58  per  cent,  of  the  institutions :  22  per  cent,  give 
the  instruction  parth^  in  the  freshman  and  partly  in  the 
sophomore  years,  and  20  per  cent,  give  it  in  the  sophomore 
and  junior  years. 

3.  Do  ihose  who  have  had  preparatory  physics  take  courses 
different  from  those  who  have  not?  Does  preparatory 
physics  materially  help  the  studeyit's  progress? 

Seventeen  per  cent,  of  the  institutions  give  a  different  course 
in  physics  for  those  who  have  had  preparatory  physics,  from 
the  course  given  for  those  who  have  not.  Seven  and  seven- 
tenths  per  cent,  say  that  the  preparatory  course  is  beneficial, 
though  this  sentiment  is  very  mildly  expressed;  one  single 
report  says  that  the  preparatory'  course  retards  the  student's 
progress. 

4.  Hotv  is  the  time  given  to  general  physics  divided  between 
the  various  sections  of  the  subject? 
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Only  about  one  third  of  the  answers  to  this  question  were 
definite;  there  seems  to  be  a  fair  agreement  in  the  general 
practice,  and  this  is  represented  by  the  treatment  of  the 
common  text-book.  The  average  percentages  of  time  given  by 
the  definite  replies  are  as  follows:  mechanics  30  per  cent.'; 
heat  16  per  cent. ;  sound  6  per  cent. ;  electricity  32  per  cent. ; 
light  16  per  cent.  Five  institutions  state  that  no  time  is 
given  to  sound,  and  three  give  no  time  to  light. 

5.  In  case  your  institution  has  an  academic  department,  is 
physics  (for  engineering  students)  taught  in  it  or  in  the  engi- 
neering department? 

In  21  per  cent,  of  the  institutions  physics  is  taught  in  the 
engineering  department  as  distinguished  from  the  academic 
department  of  physics. 

6.  What  steps  are  taken  to  secure  continuity  of  subject 
matter  betiveen  physics  and  the  several  subsequent  engineer- 
ing departments  for  which  physics  is  supposedly  a  pre- 
requisite? 

In  60  per  cent,  of  the  institutions,  some  effort  is  made  to 
secure  continuity  between  the  subject  of  physics  and  the 
following  engineering  courses.  There  seems  to  be  no  definite 
method  of  securing  this  result  except  such  as  is  described  by 
the  words  ''consultations,"  "conferences,"  "correlation," 
etc.  Forty  per  cent,  of  the  institutions  report  that  no  organ- 
ized effort  is  made  to  secure  continuity. 

General  Recommendations. 

The  study  of  these  questionnaires  leads  the  Committee  to 
make  the  following  general  recommendations  as  tending  to 
the  highest  efficiency  in  the  teaching  of  general  physics  to 
engineers.  The  Committee  appreciates  the  fact  that  some  of 
these  recommendations  are  inconsistent  with  existing  condi- 
tions at  certain  institutions,  and  that  under  these  special  con- 
ditions other  specifications  may  be  more  acceptable. 

1.  Preparatory  physics  should  be  required  for  entrance 
upon  any  engineering  course. 

2.  The  course  in  college  general  physics  should  be  the  same 
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for  all  groups  of  engineering  students,  and  it  should  be  under 
the  supervision  of  the  general  department  of  physics  of  the 
college  or  university. 

3.  The  increased  use  of  higher  mathematics  in  developing 
the  fundamental  theory  of  general  physics,  including  the 
use  of  the  methods  of  elementary  calculus,  will  be  advan- 
tageous to  the  engineer. 

4.  In  order  to  secure  the  benefits  mentioned  in  paragraph  3, 
the  course  in  phj^sics  should  not  begin  till  the  student  has 
had  training  in.  elementary  differential  and  integral  calculus. 
As  the  schedules  are  ordinarily  arranged,  physics  would  then 
begin  about  the  middle  of  the  sophomore  year.  It  is  usually 
thought  best  to  begin  physics  with  the  sophomore  year,  sacrific- 
ing the  advantages  to  be  gained  by  the  use  of  the  calculus. 
To  begin  physics  in  the  freshman  year  would  still  further 
sacrifice  the  use  of  mathematical  principles,  and  this  should  be 
avoided.  It  is  possible  that  a  rearrangement  of  mathematics 
schedules  will  make  elementary  calculus  methods  available  at 
the  beginning  of  the  sophomore  year,  a  condition  much  to  be 
desired. 

5.  The  minimum  time  suitable  for  the  course  in  general 
physics  is  10  semester-hours  for  lectures  and  recitations,  ac- 
companied by  9  semester-hours  (actual  time)  of  correlated 
laboratory  practice. 

6.  The  course  in  general  physics  should  cover  the  entire 
subject  matter,  including  sound  and  light.  Such  subjects  as 
dimensional  equations,  radio-activity,  black-body  radiation, 
X-rays,  etc.,  should  be  included,  but  should  be  treated  very 
briefly.  The  greatest  emphasis  should  be  placed  upon  the 
obvious  fundamentals  of  the  science,  and  the  technology 
should  be  used  for  illustration. 

7.  The  course  in  physics  should  be  correlated  to  the  work 
of  the  preceding  courses  in  mathematics  and  to  the  following 
engineering  courses  by  definite  methods  adapted  to  particular 
faculty  organizations. 

It  would  be  very  beneficial  if  the  time  given  to  general 
physics  could   be  greatly  increased,   and   if  the  instruction 


DISCUSSION.  171 

could  begin  at  tlie  middle  of  the  second  year  and  extend 
through  the  third  year.  In  this  scheme,  calculus  could  be  a 
prerequisite  to  physics,  and  calculus  methods  could  be  used 
in  physics,  which  would  facilitate  the  work,  and  would  tend  to 
make  a  more  powerful  analytical  engineer,  one  who  could 
vse  higher  mathematics  as  a  real,  working  tool.  This  sug- 
gestion might  be  practicable  only  with  a  five-year  course  for 
engineers.  There  is  reason  to  think  that  the  present  educa- 
tional tendency  is  in  this  direction. 

The  practising  engineers  are  very  emphatic  and  almost 
unanimous  in  their  appreciation  of  the  mathematical  and  theo- 
retical aspects  of  physics,  and  they  urge  in  the  strongest  terms 
that  more  time  be  spent  in  studying  the  fundamental  sciences 
even  at  the  expense  of  time  now  given  to  the  study  of  the 
technology  of  engineering. 

The  Committee  hopes  that  these  results  will  be  of  some 
influence  in  the  rearrangement  of  schedules  whereby  physics 
may  be  given  a  better  opportunity  to  prepare  the  students  for 
engineering  work;  and  the  more  so,  since  the  deficiencies  in 
physics  seem  to  be  largely  due  to  the  lack  of  sufficient  time 
for  the  proper  mastery  of  so  broad  a  subject. 

Dayton   C.  Miller,   Chairman, 
William  S.  Franklin, 
g.  a.  goodenough, 

F.    K.   RiCHTMYER, 

R.  M.  Bird, 
J.  H.  James. 

Discussion. 

Professor  0.  M.  Leland:  I  should  like  to  ask  Professor 
Miller  if  in  sending  this  questionnaire  to  practising  engineers 
he  took  into  consideration  the  branches  of  engineering  which 
these  men  were  practising? 

Professor  D.  C.  Miller :  I  sent  to  engineers  in  all  branches  of 
practise.  We  took  all  who  were  on  the  list  of  members  of 
this  Society. 
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Professor  Leland:  It  oceuired  to  me  that  electrical  engi- 
neers, for  instance,  might  have  different  views  regarding  the 
mathematical  theories  of  physics  from  those  held  by  civil 
engineers. 

Professor  E.  R.  Hedrick:  If  we  can  get  into  action  the 
various  committees  mentioned  under  a  previous  report,  it 
seems  to  me  such  a  joint  committee  might  also  attempt  to  see 
if  we  could  not  in  some  fashion  organize  departments  of 
physics  and  mathematics  in  such  a  way  as  to  make  it  possible 
for  the  Committee  on  Physics  to  cooperate  with  the  Committee 
on  Mathematics.  If  the  two  departments  could  get  together, 
it  would  be  easy  enough  to  know  when  to  introduce  topics  in 
one  department  which  affect  the  other. 

Professor  F.  C.  Caldwell:  A  point  suggested  by  the  first 
speaker  is  of  great  interest ;  namely,  the  attitude  of  practical 
men  in  different  lines  of  engineering  toward  the  fundamental 
sciences  in  general,  and  physics  in  particular.  For  example, 
the  attitude  of  electrical  engineers  seems  different  from  that 
of  civil  engineers ;  and  electrical  engineering  courses,  as  a 
rule,  are  much  broader  in  the  way  of  fundamentals  and  espe- 
cially have  a  great  deal  more  physics  than  the  courses  in  civil 
engineering.  It  would  seem  that  a  study  of  the  problem  from 
this  point  of  view  would  be  interesting. 

I  should  also  like  to  bring  out,  in  connection  with  what 
Professor  Hedrick  has  said,  the  importance  of  having  physics 
co-ordinated  with  mathematics  so  that  the  students  will  have 
a  working  understanding  of  the  use  of  calculus  in  solving 
physical  problems. 

Professor  Wm.  Kent:  I  would  like  to  call  tlie  attention  of 
the  Committee  on  Committees  to  the  uselessness  of  the 
methods,  or  the  inefficiency  of  the  methods,  of  our  getting  in- 
formation into  the  Society.  We  appoint  a  Committee  on 
Physics,  to  do  something.  So  far  as  we  know,  after  one  year 
they  have  published  a  questionnaire.  They  sent  out  one  thou- 
sand questionnaires,  and  received  answers;  and  the  results 
are  presented  in  manuscript  form,  so  that  it  is  impossible  for 
us  to  discuss  them.     Is  that  the  wav  we  should  work? 
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Professor  H.  S.  Jacoby:  Inasmuch  as  the  recommendations 
before  us  represent  only  the  opinion  of  the  chairman,  the 
report  is  not  in  a  condition  to  come  before  the  Society  for 
any  action  whatsoever.     It  is  practically  a  progress  report. 

Professor  A.  M.  Greene:  It  has  pleased  me  very  much  to 
see  in  this  report  that  most  people  do  not  desire  a  different 
type  of  physics  for  the  engineer.  I  do  not  like  the  term 
"engineering"  physics  or  mathematics  or  English.  I  think 
we  should  learn  physics,  mathematics,  English.  I  do  not 
believe  that  we  should  limit  training  in  mathematics  to  just 
the  problems  which  are  to  follow.  If  physical  or  mathe- 
matical training  is  just  limited  to  courses  in  technology  which 
are  to  follow,  the  engineer  will  be  a  very  narrow  man,  and 
problems  will  arise  which  he  will  not  be  able  to  solve.  So  I 
am  very  glad  to  see  that  the  large  majority  of  votes  are  in 
favor  of  physics  rather  than  ' '  engineering ' '  physics. 

Professor  Kent:  The  professor  of  engineering  should  have 
a  good  deal  to  say  about  what  the  professor  of  physics  is 
doing  with  the  time  he  has  for  instructing  engineering 
students  in  elementary  physics.  I  think  instruction  in  physics 
for  engineers  should  include  fundamental  mechanics  and  volts 
and  amperes,  and  the  time  which  ought  to  be  devoted  to  these 
things  should  not  be  spent  on  electrons  and  ions  and  other 
things  which  seem  immensely  important  to  a  few  people,  but 
not  to  engineers. 

Mr.  Willis  Whited:  I  think  physics  should  be  taught  as  a 
science  and  the  students  thoroughly  grounded  in  the  funda- 
mental principles,  utilizing  the  advanced  work  to  illustrate 
and  enforce  the  principles.  The  selection  of  the  branches 
to  be  omitted  is  a  verj^  delicate  matter,  and  I  think  those 
charged  with  that  duty  should  bear  in  mind  that  their 
students  will  be  the  engineers  of  the  next  half  century,  and 
that  engineering  is  in  a  state  of  constant  progress;  in  fact 
it  has  been  largely  made  over  two  or  three  times  within  the 
last  forty  years  and  the  same  thing  may  happen  within  the 
next  half  century.  Forty  years  ago  electricity  was  not  taught 
to  many  except  to  prospective  telegraphers.  The  vast  ma- 
13 
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jority  of  students  will  never  understand  a  branch  of  science 
unless  they  learn  at  least  the  rudiments  of  it  at  college.  Scien- 
tific principles,  if  thoroughly  established,  are  the  same  yester- 
day, today  and  forever.  Engineering  practise  changes  almost 
from  day  to  day  and  from  house  to  house.  Your  students  of 
today  will  have  to  compete  with  the  engineers  of  thirty  years 
from  now. 

Professor  W.  T.  Magruder:  I  understood  the  chairman  of 
the  Committee  to  urge  that  the  minimum  of  time  should  be  ten 
semester  credit  hours  for  classroom  work,  and  nine  for  labora- 
tory. How  common  is  that  in  American  engineering  colleges 
today? 

Professor  Miller:  I  gave  the  average  as  over  nine  hours  of 
recitations  and  over  seven  of  laboratory  practice. 

Professor  Magruder:  Is  not  your  minimum  more  than  the 
average  ? 

Professor  Miller:  Yes;  but  I  was  trying  to  meet  the  criti- 
cisms which  were  made. 

Professor  Magruder:  I  understand  that  that  is  the  mini- 
mum to  be  given  to  all  engineering  students? 

Professor  Miller:  Yes. 

Professor  Magruder:  It  is  interesting  to  note  the  point  of 
view  of  some  of  the  speakers.  Professor  Jackson  is  from  an 
Institute  of  Technology.  Professor  Greene  comes  from  a 
Polytechnic  Institute.  Neither  of  these  gentlemen  are  con- 
nected at  present  with  state  universities,  as  each  of  them  used 
to  be.  I  would  like  them  kindly  to  remember  the  time  when 
they  were  in  state  universities,  and  it  was  necessary  to  teach 
physics  to  agricultural,  arts,  medical,  and  other  students  in 
large  variety,  as  well  as  to  engineers,  and  hence  the  necessity 
of  having  a  variety  of  courses  in  physics  in  a  large,  general 
university. 

Again,  on  account  of  the  variety  of  engineering  curricula 
offered  by  our  engineering  colleges,  it  would  seem  to  be  a  little 
difficult  to  have  a  standard  course  in  physics  for  all  engineers. 
For  example,  the  architects  want  little,  if  any,  physics;  the 
architectural  engineers  want  more;  and  the  electrical  engi- 
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neers  want  most.  As  the  whole  class  has  to  be  divided  into 
many  sections,  it  would  seem  to  be  logical  to  treat  these  sec- 
tions differently  and  particularly  as  to  giving  a  minimum  of 
what  may  be  called  ' '  cultural  physics " '  to  all  and  emphasizing 
the  particular  variety  of  technical  physics  to  those  who  so 
need  it. 

"^e  engineering  educators  must  be  governed  somewhat  by 
the  opinions  of  our  professional  brethren.  For  example,  it  is 
questionable  if  the  faculty  of  an  engineering  college  shouki 
go  absolutely  contrary  to  the  recommendations  of  the  Com- 
mittee on  Education  of  the  American  Institute  of  Architects. 
It  might  be  better  first  to  have  a  discussion  with  them  on  the 
subject  of  the  amount  of  physics  which  students  in  archi- 
tecture and  architectural  engineering  should  have. 

Dr.  C.  R.  Mann:  An  interesting  fact  was  brought  to  my 
attention  not  long  ago  with  regard  to  physics.  I  had  occa- 
sion to  compare  the  time  devoted  to  physics  in  1870  in  engi- 
neering schools  with  the  amount  devoted  at  the  present  time 
in  one  or  two  schools.  I  was  veiy  much  surprised  at  the 
result.  It  appeared  that  the  amount  of  time  devoted  to 
physics  had  remained  constant  at  twelve  semester  hours, 
whereas  the  amount  of  time  devoted  to  chemistry  had  increased 
from  six  to  fourteen  hours. 

Professor  Jackson :  I  would  Hke  to  ask  Dr.  Miller  to  answer 
a  question.  ^Iiy  does  he  say  we  should  never  start  physics 
earlier  than  the  opening  of  the  sophomore  year  ?  Professor 
Magruder  intimated  that  I  had  forgotten  my  experience  in 
the  Univei"sity  of  Wisconsin.  I  might  suggest  that  at  the  Uni- 
versity of  Wisconsin  we  had  different  men  teaching  engineer- 
ing physics  from  those  who  taught  physics  in  general.  But 
I  believe  the  man  who  teaches  the  physics  should  be  in  the 
physics  department,  not  in  an  engineering  department. 

Professor  Magruder:  Do  you  not  have  men  in  economics 
and  in  mathematics  in  the  Institute  of  Technology,  and  not 
at  Harvard?  If  the  Institute  of  Technolog:i-  and  Harvard 
were  all  one  institution,  you  would  possibly  have  to  send  to 
Harvard  to  have  the  students  taught  English,  mathematics, 
economics,  and  the  rest. 
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Professor  Jackson:  I  think  such  a  course  would  be  desirable 
if  the  two  institutions  were  one.  It  would  be  our  business 
then  to  see  that  our  engineering  students  were  properly  taught 
by  those  other  departments,  if  we  had  enough  sense  and  judg- 
ment to  see  to  it.  As  it  is,  of  course,  the  Institute  of  Tech- 
nology is  so  large  that  it  has  a  large  mathematics  department, 
and  therefore  has  some  very  able  mathematicians.  I  think 
the  condition  of  our  teaching  in  that  department  is  as  satis- 
factory as  at  Wisconsin. 


REPORT  OF  THE  COMMITTEE  ON  ENGLISH. 

Committee  No.  12. 
BY  c.  W.  PAEK. 

I  know  it  is  customary  to  begin  a  report  with  explanations, 
if  not  with,  apologies.  I  feel  that  it  is  necessary  in  this  case, 
especially,  to  explain  the  circumstances  under  which  the  report 
has  been  gotten  up  and  presented. 

Professor  Earle,  who  is  chairman  of  this  Committee  and 
who,  as  we  all  know,  has  been  both  a  pioneer  and  a  missionary 
in  the  matter  of  teaching  engineering  English,  has  been  ill 
during  the  greater  part  of  the  second  semester  of  the  past 
year.  Notwithstanding  this  fact,  he  has  generously  under- 
taken to  do  the  largest  share  of  the  work  himself.  The  report 
which  he  was  able  to  get  together  for  publication  in  this  issue 
of  the  Bulletin,  which  you  have  in  your  hands,  was  not  so 
complete  as  he  had  wished,  but  since  the  purpose  of  the  Com- 
mittee in  its  first  year  was  to  obtain  a  preliminary  survey  of 
the  field,  we  feel  that  something  has  been  accomplished,  meager 
though  the  returns  have  been  and  vague  though  many  of  the 
answers  have  been. 

I  might  explain  further  that  I  was  not  originally  on  this 
Committee.  I  believe  it  was  intended  that  I  should  be;  but 
a  confusion  in  initials  resulted  in  the  fact  that  I  did  not  know 
until  a  good  part  of  this  work  had  been  done  that  I  was  a 
member  of  the  Committee.  I  say  this  in  order  that  I  may 
receive  no  credit  for  the  work  that  appears  in  this  report; 
because  I  assure  you  that  I  had  nothing  to  do  with  it,  except 
filling  out  a  single  questionnaire  which  came  to  our  institu- 
tion. Since  that  time  I  have  been  very  much  interested  in 
making  a  belated  examination  of  the  material  compiled  by  the 
Committee,  and  have  noted  a  number  of  interesting  things 
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which  I  believe  Professor  Earle  still  has  in  store.,  to  present 
in  more  definitely  tabulated  form  than  is  given  here. 

In  regard  to  this  questionnaire,  as  Profes.sor  Earle  has  ex- 
plained, the  Committee  was  reluctant  to  adopt  the  question- 
naire method.  This  method  has  become  so  common  as  a  means 
of  obtaining  information  that  it  is  now  considered  a  great 
nuisance.  In  the  second  place,  makers  of  questionnaires  are 
suspected  of  framing  their  questions  deliberately  in  order  to 
catch  a  certain  kind  of  answer,  and  I  have  been  gently  re- 
minded that  one  of  our  questions  presupposes  a  favorable 
reply. 

It  is  true  that  the  first  question  the  Committee  has  asked, 
"In  what  sense  is  English  a  fundamental  subject,"  rests 
upon  the  assumption  that  English  is  a  fundamental  subject. 
"We  may  take  that  for  granted,  however,  not  merely  because 
English  is  so  classified  by  this  Society,  but  for  other  excellent 
reasons.  This  assumption,  of  course,  needs  no  defense  from 
the  standpoint  of  the  teacher  of  English;  and  I  believe  also, 
from  the  standpoint  of  the  majority  of  technical  men.  if  the 
indications  during  the  past  two  or  three  years  are  to  be 
tru.sted.  "We  recall  any  number  of  discussions  in  technical 
magazines ;  we  recall  the  findings  of  Dr.  Mann,  reported  last 
year,  which  also  pointed  in  this  direction.  In  theory,  at  any 
rate,  there  is  a  general  agreement  that  English  is  fundamental. 

The  answers  to  the  first  question  seem  to  be  reducible  to 
about  these  three  divisions :  English  is  a  fundamental  sub- 
ject in  the  first  place,  because  it  is  a  necessary  tool,  an  indis- 
pensable means  that  the  engineer  has  of  expressing  his  ideas; 
and  especially  important  as  a  means,  because  it  is  more  uni- 
versal than  the  language  of  blueprints,  curves,  and  other 
methods  of  conveying  engineering  information.  In  the 
second  place,  English  is  fundamental,  most  of  the  replies  indi- 
cate, because  it  affords  training  in  thinking ;  because  by  means 
of  a  person's  English  you  can  tell  whether  or  not  he  has  caught 
the  idea — or,  to  put  it  in  the  language  that  we  heard  in  the 
interesting  discussion  last  night,  whether  or  not  he  has  been 
able  to  "think  straight." 
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A  third  reason  why  English  is  regarded  as  fundamental 
may  be  put,  perhaps,  like  this ;  that  in  technical  colleges,  Eng- 
lish is  the  last  stand  of  the  humanities.  A  great  many 
students  enter  the  college  with  little  training  in  the  old- 
fashioned  humanities,  as  they  were  called;  and  so  about  the 
only  human  subject  in  the  curriculum  is  English.  A  number 
of  persons  have  expressed  not  only  the  conviction  as  a  matter 
of  theory,  but  the  conclusion  as  a  matter  of  experiment,  that 
English  can  be  made  a  clearing  house  for  the  human  side  of 
engineering  education,  as  well  as  a  tool  of  expression  and  a 
means  of  discipline  in  thought.  A  few  figures  may  be  noted 
under  1,  as  follows: 

Topic  Xo.  1. 

Yes.  Xo. 

In   your   course    for   students   of    Engineering,    is    English 

fundamental  in  theory  and  practice?   19  5 

Is  English  given  the  same  weight  in  promotion  as  such  sub- 
jects as  mathematics?    22  3 

Is   the   importance   of    good   English   stressed   by   various 

members  of  the  faculty  in  their  class  work? 1-i  3 

Have  teachers  of  English  equal  standing  with  other  mem- 
bers of  the  faculty?  (Question  slightly  changed  in 
form.)     12  1 

I  shall  pass  very  rapidly  over  the  details  of  the  remaining 
answers,  because  I  know  that  figures  are  tedious,  and  I  shall 
simply  indicate  the  principal  conclusions.  One  thing  that  falls 
under  the  second  topic  is  the  matter  of  the  time  or  oppor- 
tunity given  for  engineering  English.  Upon  examination  of 
the  schedules — this  was  entirely  distinct  from  the  question- 
naire, by  the  way — in  the  various  colleges,  it  was  found  that 
only  a  limited  amount  of  time  is  given  to  required  English, 
and  that  a  comparatively  small  amount  of  time  is  given  to 
elective  English.  As  regards  the  electives,  the  situation  is 
not  so  satisfactory  as  it  might  appear.  For  instance,  nine 
schools  out  of  twenty-six  offer  no  elective  courses  in  English : 
the  remaining  seventeen  in  one  group  examined  offer  electives 
in  one  or  more  of  the  following  courses:  English  literature, 
business   English,    advanced   English,    and   public   speaking. 
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Only  two  institutions  report  many  takers  for  these  elective 
courses.  The  others  state  that  because  the  schedules  are  al- 
ready crowded,  it  is  not  possible  for  many  of  the  students  to 
elect  courses  in  English. 

One  school  was  a  striking  exception  to  this  rule,  however; 
so  striking  that  I  want  to  give  the  figures.  They  offer  as  elec- 
tives  in  this  institution  eight  writing  courses  and  nine  reading 
courses  in  English,  for  engineering  students;  and  576  stu- 
dents are  enrolled  in  these  various  courses. 

The  next  question  has  to  do  with  the  relations  between  the 
English  department  and  the  other  departments.  There  seems 
to  be  a  disposition  in  many  cases  to  regard  the  separate  divi- 
sions of  a  college  as  watertight  compartments,  so  to  speak, 
with  no  connection  expected  or  permitted  between  English 
and  chemistiy,  for  example;  and  a  distinct  separation  among 
all  the  different  departments.  The  attitudes  reported  as  be- 
tween the  instructors  in  English  and  the  instructors  in  other 
departments  extend  all  the  waj'  from  open  hostility  in  a  few 
cases,  to  entirely  s^nnpathetic  cooperation  in  others.  One 
professor  of  English  who  was  asked  to  discuss  this  question- 
naire, or  to  send  a  discussion  to  this  meeting,  illustrated  pretty 
well,  I  think,  in  his  reply,  the  hostile  attitude.  He  said,  con- 
cerning the  discussion  of  this  report:  "We  are  not  at  all  in- 
terested in  carrying  the  war  into  the  enemy's  country,  but  we 
are  readj'  to  defend  ourselves  when  attacked."  So  the  Eng- 
lish department  in  that  college  remains  on  the  defensive.  As 
Professor  Earle  put  it,  there  is  an  armed  truce  at  that  institu- 
tion between  the  English  department  and  the  technical  de- 
partments. 

Between  the  two  extremes  of  hostility  and  sympathetic  co- 
operation is  a  sort  of  mild  tolerance  of  one  another's  existence, 
that  is  about  as  unfortunate  as  open  hostility,  because  it  repre- 
sents indifference  regarding  the  whole  question.  One  institu- 
tion reported  something  like  this:  "We  have  not  very  much 
to  do  with  Endish.  and  trouble  ourselves  about  it  as  little  as 
possible.  We  send  our  students  over  to  the  college  of  liberal 
arts,  and  they  give  them  a  few  hours  a  week  for  one  year,  and 
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we  call  it  quits."     This  explanation  was  typical  of  a  larger 
number  of  replies  than  one  could  wish. 

No    cooperation    3 

Very  little   cooperation    4 

Some   cooperation    4 

Considerable  cooperation    6 

Many  did  not  reply. 

I  shall  pass  very  rapidly  over  the  next  series  of  questions, 
because  they  have  to  do  with  methods  of  instruction  in  engi- 
neering English,  and  I  think  it  is  unwise  and  unnecessary  at 
this  time  to  trouble  technical  men  with  questions  of  this  kind. 
I  believe  a  part  of  the  Committee's  work  during  the  next  year 
will  be  to  tabulate  the  principal  methods,  and  put  them  in 
sufficiently  specific  form  that  they  may  be  appropriated, 
where  that  seems  advisable,  by  institutions  not  now  using 
them,  and  where  they  may  be  criticized  conveniently  by  tech- 
nical men  whose  judgment,  of  course,  is  wanted  on  all  these 
questions. 

The  last  part  of  the  questionnaire  corresponds  so  closely 
to  the  first  part  that  it  may  be  dismissed,  I  think,  in  a  word. 
You  will  notice  that  if  you  ask  what  are  the  aims  and  results 
of  your  instruction  in  English,  and  what  do  you  consider  the 
ultimate  purpose  of  instruction  in  English,  you  are  getting 
back  to  the  question,  "Do  you  consider  English  a  funda- 
mental subject,  and  why?"  It  seems  to  me  that  this  latter 
part  is  justified,  rather  because  it  approaches  the  subject  from 
a  somewhat  different  angle  than  because  it  forms  a  new  divi- 
sion of  thought. 

To  the  last  question,  "What  is  the  judgment  of  the  in- 
structors who  have  charge  of  the  more  advanced  technical 
work  of  the  students  as  to  the  results  of  instruction  in  Eng- 
lish?" the  Committee  received  comparatively  few  replies. 
Whether  the  reticence  of  the  technical  men  indicates  a  polite 
unwillingness  to  say  anything  disagreeable  as  an  alternative 
to  saying  nothing  at  all,  or  whether  the  question  was  over- 
looked, I  shall  not  attempt  to  say.    Of  the  replies — and  there 
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were  only  twelve  to  this  question  out  of  about  107  answered 
questionnaires — classification  mar  be  made  in  equal  parts,  as 
follows:  bad,  might-be-worse,  and  hopeful;  so  there  was  not 
an  entire  lack  of  commendation  or  recognition  of  the  work  of 
the  English  instructors. 

There  is  just  one  thing  I  want  to  add.  One  man.  the  dean 
of  an  engineering  college,  expressed  the  point  of  the  whole 
discussion  so  well,  I  think,  that  his  answer  deserves  separate 
consideration.  The  substance  of  his  answer  was  that  if  we 
want  good  instruction  in  English — high  class  instruction,  such 
as  we  attempt  to  get  in  the  technical  departments  in  which 
we  are  primarily  interested — we  shall  have  to  pay  for  it. 
Hitherto  English  has  suffered  most  in  the  make-up  of  the 
budget.  The  instruction  in  English  has  been  turned  over,  not 
to  the  best  man  that  could  be  obtained,  but  to  the  cheapest 
that  the  liberal  arts  college  could  furnish  for  this  purpose. 
The  result  is  that  the  work  has  been  done  in  large  part  by 
young  and  incompetent  instructoi*s  or  fellows — or  even,  in  one 
glaring  instance,  by  a  student  assistant — instead  of  by  some 
of  the  best  trained  men  in  the  whole  institution.  In  one  insti- 
tution the  persons  who  teach  most  of  the  engineering  English 
get,  I  understand,  three  hundred  dollars  a  year  for  half-time 
work.  These  persons  aspire,  not  to  become  better  teachers  of 
engineering  English ;  not  to  analyze  their  problems  and  under- 
stand them  better :  but  to  get  a  disagreeable  job  off  their  hands 
as  quickly  as  possible,  in  order  that  they  may  bask  in  the  sun- 
shine of  pure  culture  in  some  other  more  congenial  depart- 
ment. 

Now.  it  seems  to  me  that  if  an  administrative  officer  be- 
lieves strongly  enough  that  English  is  a  fundamental  subject : 
if  he  believes  that  it  deserves  more  attention  than  it  is  getting 
at  present  in  most  of  our  engineering  colleges,  we  shall  best 
measure  the  extent  of  his  conviction,  as  this  one  dean  pointed 
out,  by  the  interest  which  he  shows  in  allotting  time  and 
money  and  in  giving  dignity  to  the  English  side  of  engineer- 
ing instruction. 
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Discussion, 

Professor  Wm.  Kent:  The  report  is  beyond  all  critjcism,  on 
account  of  the  illness  of  Professor  Earle  and  the  difficulties 
of  the  problem  the  Committee  had  to  tackle.  It  is  not  surpris- 
ing that  the  report  is  not  exactly  as  we  would  like  to  have  it, 
as  the  Committee  was  asked  to  do  something  that  did  not 
need  to  be  done ;  that  is,  to  report  on  the  present  status  of 
teaching  of  English  to  engineering  students.  AVe  know  that  is 
bad  at  the  present  time.  The  only  thing  we  need  to  know  is 
how  it  is  being  improved,  and  how  we  can  measure  results. 

Professor  Park  gave  me  a  document  to  read  on  the  work 
that  is  being  done  at  Cincinnati.  That  is  first  rate,  only  we 
want  them  to  go  a  little  farther  and  show  us  next  year  the  re- 
sults accomplished  by  that  method.  What  we  want  to  know 
is  what  changes  have  been  made  in  the  last  five  years  or  so  to 
improve  the  efficiency  of  English  teaching  in  our  schools,  and 
what  have  been  the  results  of  those  changes.  There  may  be 
somebody  at  work  somewhere  doing  something,  and  recording 
the  results. 

Eight  years  ago  I  presented  a  paper  on  an  experiment  I 
conducted  in  Freshman  English  (Vol.  XV,  p.  90).  It  has 
been  forgotten  by  this  time  and  the  Committee  did  not  look  it 
up.  Possibly  other  experiments  have  been  carried  on  since, 
but  we  do  not  know  what  the  results  have  been.  The  results 
of  that  experiment  showed  among  other  improvements  that 
the  errors  in  spelling  at  the  end  of  the  year  were  only  one 
third  as  many  as  they  were  at  the  beginning  of  the  year. 

I  think  Dr.  Mann  would  be  interested  in  knowing  the  method 
of  teaching  English  in  the  Philadelphia  Central  High  School 
fifty  years  ago.  We  had  to  bring  in  a  composition  every  Mon- 
day morning.  Eight  boys  were  called  to  the  blackboard  and 
had  to  write  a  board-full  from  their  compositions.  As  soon 
as  they  were  done,  eight  more  went  up  and  put  critical  marks 
on  them.  Afterwards,  eight  more  were  sent  up  and  marked 
over  the  first  criticisms.  Thus  was  developed  the  critical  fac- 
ulty.   Each  student  would  criticize  another's  works;  and  when 
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the  second  lot  sat  down,  then  the  professor  got  up  and  dis- 
cussed the  errors  and  showed  how  the  sentences  should  be 
written.*  That  was  where  I  got  the  idea  of  students  being 
critics. 

I  want  to  say  one  more  tiling.  English  is  a  wonderful  tool 
for  doing  things  with,  and  one  of  the  ways  of  using  that  tool 
is  the  use  of  the  voice,  "^e  are  coming  to  use  machinery  to 
record  the  human  voice.  When  the  Freshman  class  comes  in, 
they  will  be  passed  in  front  of  a  dictograph,  and  will  say  some 
words,  and  a  record  will  be  taken.  Once  a  year  they  will  re- 
peat that  operation,  and  it  will  be  compared  with  previous 
records.  At  the  time  of  graduation  another  record  will  be 
taken  to  see  how  they  have  improved  in  elocution,  in  handling 
their  voices.  If  you  should  take  dictograph  records  to-day 
of  what  we  have  heard  here  from  different  people,  with  their 
different  tones  of  voice,  we  might  find  one  record  that  we 
could  take  as  a  model.  Wouldn't  that  be  a  fine  thing  to  put 
before  the  boys?  "We  could  say  then,  ''See,  here  is  a  voice 
that  I  heard  down  in  Charlottesville:  listen  to  it.  and  you 
will  know  how  to  use  your  voice."  Wouldn't  that  be  a  good 
way  to  teach  spoken  English  ? 

Professor  W.  T.  Magruder:  Professor  Park  has  already  ad- 
mitted the  fact  that  the  quality  of  the  instruction  in  English 
is  extremely  low.  because  many  of  the  instructors  are  not  in- 
terested in  the  work  of  teaching  and  only  take  the  positions 
in  order  to  enable  them  to  earn  a  living  Avhile  pursuing  other 
or  graduate  studies.  The  trouble  is  with  the  administration. 
If  the  trustees  can  secure  the  funds  and  will  put  on  the  job 
instructors  who  are  competent  and  trained  in  the  art  of  in- 
structing other  people,  and  are  interested  in  their  work,  the 
result  will  be  much  better.  What  we  need  is  to  dignify  the 
whole  business  of  instruction  in  English,  because  English  is 
the  chief  mode  of  transferring  thought  from  one  person  to 
another. 

A  friend  of  mine  has  the  theon.'  that  the  time  is  coming 
when  we  will  pay  our  cooks  at  least  one  thousand  dollars  per 
annum,  for  the  reason  that  the  cook  is  the  sole  arbiter  of  life 
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and  happiness.  At  the  present  time,  as  I  see  it,  English  is  the 
scullery  maid  of  our  engineering  college  household. 

Professor  C.  Alphonso  Smith:  The  question  we  have  been 
discussing  today  certainly  lies,  it  seems  to  me,  at  tlie  very  basis 
of  English  teaching,  as  well  as  successful  teaching  of  engineer- 
ing. The  question  which  arises  in  my  mind  at  the  very  start  is, 
to  what  extent  shall  the  teaching  of  English  be  modified  to  meet 
the  varying  needs  of  the  engineer,  chemist,  astronomer,  or 
business  man?  "We  are  living  in  an  age  when  there  never 
were  so  many  publications  coming  from  the  press,  under  the 
name  of  business  English  or  chemical  English  or  engineering 
English.  It  seems  to  be  taken  for  granted  that  every  highly 
specialized  department  needs  a  special  adaptation  in  the  teach- 
ing of  English.  The  English  language  is  so  varied  and  so 
adaptable  and  so  plastic  that  there  grows  up  about  every  pro- 
fession very  soon  a  certain  number  of  words,  contractions, 
idioms,  phrases  that  belong  distinctively  to  the  vocabulary  of 
that  profession.  I  believe  that  we  ought  to  have  some  adapta- 
tion of  English  to  the  particular  needs  of  the  professions. 
But  how  much? 

I  think  the  danger  is  that  we  shall  carry  it  too  far.  When 
we  have  made  a  few  lists  of  words  which  students  in  engi- 
neering find  difficulty  in  pronouncing  or  mispronouncing, 
when  we  have  explained  certain  phrases  that  occur  frequently 
in  engineering  usage,  I  believe  we  have  gone  about  as  far  as 
we  ought  to  go  in  adapting  English  to  that  particular  need. 
What  I  think  we  ought  to  keep  in  mind  more  than  anything 
else  in  the  whole  question  of  adapting  English  to  various 
needs  is  this,  that,  after  all  the  only  way  anybody  ever  does 
learn  a  thing  is  by  drinking  from  the  fountain  instead  of  from 
the  spigot.  There  are  so  many  media  today  between  us  and 
the  great  sources  of  inspiration,  which  have  always  been 
sources  of  inspiration  and  always  will  be ;  there  are  so  many 
media  between  the  source  and  the  outlet  that  I  think  we  are 
in  danger,  not  only  of  losing  the  thrill  which  comes  from 
drinking  at  the  source,  but  also  of  losing  the  idea  that  there  is 
a  source  at  all. 
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We  are  substituting  grammars,  rhetorics,  composition  books, 
long  lists  of  words,  these  little  fragments  of  English,  for  the 
appeal  of  the  masterpiece  itself.  It  is  a  very  interesting 
thought  to  me  that  every  time  a  master  of  English  has  ad- 
mitted the  origin  of  his  power ;  when  any  great  writer  tells  us 
where  he  first  got  his  inspiration,  he  never  points  to  the  dic- 
tionary, or  a  grammar,  or  a  rhetoric,  or  a  list  of  words;  but 
he  always  points  to  some  great  writer,  some  great  masterpiece 
of  literature — as  a  whole,  not  to  a  fragment,  and  says.  ' '  There 
was  my  teacher.    I  got  my  inspiration  there," 

I  believe  this  applies  to  engineering.  We  ought,  of  course, 
always  bear  in  mind  the  details  of  instruction — the  finger  ex- 
ercises, we  might  call  them — which  produce  mechanical  ac- 
curacy in  the  subject ;  but  in  any  institution  where  English  is 
taught  to  engineering  students,  there  ought  to  go  in  combina- 
tion with  that  the  possibility  of  the  student 's  getting  a  larger 
inspiration  from  literature.  I  do  not  believe  these  ought  ever 
to  be  separated. 

It  makes  no  difference  whether  you  mean  school  or  college 
or  university.  When  a  student  beg:ins  to  study  in  a  particu- 
larized or  specialized  science,  whenever  he  begins  to  master 
the  English  in  that  science,  there  ought  to  go  always  with 
these  questions  of  mechanical  excellence — punctuation,  spell- 
ing, paragraphing,  and  the  rest — the  uplift  of  really  great, 
stimulating  literature.  If  he  begins  to  drink  at  the  source  in- 
stead of  at  the  spigot,  you  can  give  him  his  diploma  without 
fear. 

In  other  words,  the  common  denominator  between  engineer- 
ing and  English  is  the  thing  we  call  constructive  imagination. 
I  believe  we  can  take  the  32,000  students  of  engineering  in  the 
United  Stat-es  and,  when  we  teach  them  the  mechanics  of  ex- 
cellence, the  mechanics  of  accuracy,  give  them  at  the  same 
time  the  possibility  of  finding  themselves  in  some  great  author, 
some  master  of  English.  We  would  thus  touch  their  con- 
structive imagination  and  increase  their  ability  as  engineers 
as  well  as  their  ability  as  masters  of  English. 

I  was  interested  when  Lord  Kelvin  died  in  seeing  that  the 
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London  Times,  in  commenting  on  his  death,  summed  up  his 
distinctive  achievements  in  about  these  words.  It  said  Lord 
Kelvin's  distinctive  power — he  was  the  greatest  maker,  per- 
haps, of  electrical  instruments — lay  in  his  constructive  im- 
agination. If  you  brought  an  electrical  instrument  to  Lord 
Kelvin  and  said,  "Can  we  make  a  better  instrument  than 
this?"  he  would  push  it  aside  and  just  surrender  himself  to 
his  imagination  and  say,  "Let  me  imagine  a  perfect  instru- 
ment." "When  he  had  imagined  it,  he  put  his  mechanical 
faculties  to  work  in  building  it  up.  The  Times  said  the  ex- 
cellence of  Lord  Kelvin  consisted  in  the  possession  of  that 
constructive  imagination  which  "bodies  forth  the  forms  of 
things  unknown."  The  writer  is  using  there  the  very  words 
that  Shakespeare  used  to  denote  the  great  poet : 

"And  as  imagination  bodies  forth 
The  forms  of  things  unknown,  the  poet's  pen 
Turns  them  to  shapes,  and  gives  to  airy  nothing 
A  local  habitation  and  a  name." 

But  that  constructive  imagination  which  "bodies  forth  the 
forms  of  things  unknown"  is  what  you  want  to  reach  in  the 
engineer,  and  what  we  want  to  reach  in  the  teaching  of  Eng- 
lish. I  believe  if  a  committee  were  appointed  to  discuss  not 
only  whether  you  should  write  candle-power  with  a  hyphen — 
although  I  think  that  is  valuable  too — not  only  whether  we 
should  write  horsepower  as  one  word  or  two  words  or  as  a 
word  and  a  half;  but  if  a  committee  were  appointed  to  select 
from  the  masterpieces  of  literature  those  which  touch  the  con- 
structive imagination,  those  that  ally  themselves  with  the 
great  work  engineers  are  doing,  those  that  show  that  the  mas- 
ters of  English  are  builders  just  as  engineers  are  builders,  the 
whole  problem  would  be  simplified.  I  should  be  greatly  in- 
terested in  knowing  what  would  be  selected  by  the  teachers  of 
engineering  and  of  English.  Gray's  "Elegy"  would  have  to 
be  put  aside.  You  would  find  that  a  work  like  "The  Gold 
Bug"  of  Poe  would  rank  as  a  masterpiece  in  reaching  the 
constructive  imagination  where  Lycidas  and  similar  works 
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would  have  to  be  shelved.  Some  short  stories  of  0.  Henry 
would,  I  believe,  rank  almost  first  in  constructive  imagination 
and  in  communicating  it  to  the  reader. 

So,  my  friends,  we  might  go  over  the  list.  The  only  appeal 
I  make  is  this  in  our  efforts  to  adapt  English  to  the  student 
of  engineering,  do  not  let  us  lose  the  larger  element :  do  not 
let  us  forget  that  the  great  inspirations  are  never  gained  from 
lists  of  words,  from  little  questions  of  whether  a  word  is 
spelled  this  way  or  that:  but  that  the  power  of  constructive 
imagination  which,  properly  developed,  will  make  a  man  a 
better  engineer,  has  also  given  the  masters  of  literature  their 
reach  and  power. 

Dr.  C.  R.  Mann:  This  subject  of  English  is  probably  the 
hardest  nut  there  is  to  crack  in  the  engineering  school.  I  was 
interested  particularly  in  the  remarks  of  the  last  speaker,  be- 
cause he  began  by  condemning  such  a  term  as  engineering 
English,  and  ended  by  telling  us  exactly  what  engineering 
English  is.  I  think  his  definition  of  what  engineering  English 
really  is,  is  the  finest  thing  I  have  heard. 

There  is  one  problem  in  relation  to  this  topic  that  I  have 
been  puzzling  over  for  a  long  time.  I  want  to  submit  it  to 
this  Society  for  their  consideration  and  for  assistance  in  its 
solution.  It  is  this:  We  are  very  free  with  our  criticisms  of 
the  department  of  English.  The  engineering  students  go  into 
the  department  of  English,  and  get  only  husks.  The  students 
all  hate  it.  They  are  taught  the  technical  trick  of  analyzing 
literary  masterpieces,  conducting  post-mortems  on  poetry,  and 
other  things  of  that  sort.  ^Ve  want  them  to  get  the  inspiration 
of  good  literature,  as  has  just  been  said.  "We  want  that,  be- 
cause appreciation  of  the  human  side  of  literature  is  a  great 
asset  for  the  engineer. 

In  the  meantime,  engineering  has  developed;  and  you  can 
not  live  the  ordinary  life  of  the  world  today  without  daily 
contact  with  all  sorts  of  engineering  devices.  A  man  can 
hardly  be  called  intelligent  unless  he  has  some  common  sense 
appreciation  of  engineering  and  of  what  it  means  in  life. 
Where  in  the  United  States  can  the  student  of  literature  find 
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a  course  in  engineering  which  will  give  him  that  inspirational 
insight  into  applied  science  which  the  literary  man  needs  to . 
complete  his  literature  education?  If  any  student  of  Shake- 
speare, lover  of  literature,  comes  browsing  about  the  engineer- 
ing college,  what  will  he  get  but  just  the  same  sort  of  course 
in  detailed  technique  that  the  engineering  student  gets  when 
he  invades  the  English  department? 

I  am  wondering  if  there  is  enough  of  an  analogy  between 
the  two  cases  to  raise  the  question  whether  the  engineering 
departments  do  not  owe  something  to  the  literary  student 
that  is  quite  analogous  to  what  the  literary  departments  owe 
to  the  engineering  student.  That  is  a  problem  that  has  puzzled 
me  a  great  deal,  and  so  I  place  it  before  you  for  your  con- 
sideration. 

Dean  P.  F.  Walker:  There  is  one  thing  in  this  connection 
which  has  made  me  want  to  put  in  just  one  word  in  connection 
with  the  topic.  We  have  been  hearing  in  the  last  day  or  two 
about  the  need  of  developing  the  other  seventy-five  per  cent, 
of  the  student ;  and  one  of  the  points  that  has  been  mentioned 
in  that  connection  is,  "Have  we  succeeded  in  bringing  out  on 
the  part  of  the  student,  his  will,  his  ambition,  and,  we  hope, 
some  power  of  constructive  imagination,  or  initiative?"  I 
recognize  very  fully — and  I  have  had  many  conferences  with 
the  man  who  has  charge  of  the  English  work  in  the  school  with 
which  I  am  connected — the  difficulties  which  the  teachers  of 
English  have  to  meet.  Too  often  students  do  not  see  adequate 
reason  for  their  being  forced  to  go  into  classes  in  English.  I 
believe  that  the  responsibility  for  that  rests  very  largely  with 
the  teachers  of  our  technical  subjects.  At  least,  I  believe  it 
to  be  true  that  the  situation  could  be  modified  very  greatly  if 
the  teachers  of  the  advanced  technical  subjects  took  a  more 
vital  interest  in  the  work  the  English  department  is  trying  to 
do,  and  in  the  work  which  the  boys  are  expected  by  the  Eng- 
lish teachers  to  do. 

I  have  had  occasion  many  times,  in  dealing  with  the  work 
of  junior  and  senior  students,  to  criticize  their  English  and 
insist  upon  a  more  careful  consideration  of  the  need  on  their 
14 
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part  to  develop  better  forms  of  expression  in  the  writing  of 
notebooks  and  reports.  I  believe  it  is  a  ease  where  various  de- 
partments need  to  break  over  the  reserve  which  has  been  men- 
tioned here  today  so  many  times,  the  reserve  existing  between 
the  various  departments  with  respect  to  taking  up  any  phase 
of  work  which  presumably  belongs  to  another  department. 
Here,  I  believe,  beyond  all  others,  is  the  place  where  we  must 
go  into  the  matter  and  be  perfectly  free  to  insist  on  a  higher 
grade  of  student  work.  I  believe  that  when  that  is  done  the 
students  will  go  to  English  classes  with  a  different  spirit.  I 
have  seen  it  manifested  in  our  institution. 

I  want  to  say  one  word  with  regard  to  our  own  work  at  the 
University  of  Kansas.  We  have  a  man  who  has  made  a  special 
study  of  that  work.  He  is  an  associate  professor  in  the  de- 
partment of  English  in  the  University.  He  gives  his  entire 
time  to  work  with  the  engineering  students,  and  he  is  doing 
it  well.  His  own  work  is  more  particularly  with  the  advanced 
students,  particularly  the  junior  course  in  composition.  He 
is.  I  believe,  teaching  real  engineering  English,  although  it  is 
a  composition  class  in  the  main.  In  that  work  he  requires  the 
boys  to  become  familiar  with  the  current  technical  literature 
of  the  day  and  with  standard  technical  literature ;  and  he  is 
really  developing  in  them.  I  believe,  accurate  methods  of  work 
and  better  standards  of  writing.  'We  are  aiming  to  give  a 
still  more  advanced  English  course,  more  particularly  to  take 
care  of  those  students  who  have  shown  themselves  to  be  pro- 
ficient in  the  work.  The  instructor  will  do  that  on  an  indi- 
vidualistic basis,  and  give  them  work  calculated  to  develop 
form  in  writing,  devoted  in  large  part  to  the  writing  of 
articles  for  the  public  press. 

'My  main  point  is  this,  that  responsibility  in  very  large 
measure  rests  with  the  teachers  of  the  advanced  technical 
courses. 

Professor  F.  C.  Caldwell:  I  am  very  much  interested  in  Pro- 
fessor Smith's  ideas.  It  seems  unfortunate  that  our  engineer- 
ing students  take  so  little  pleasure  in  general  reading  as  a 
form  of  recreation.     The  public  schools  seem  generally  to  be 
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unsuccessful  in  that  which  should  be  one  of  their  most  im- 
portant functions — the  creation  of  an  interest  in  reading. 
Now  if  a  list  such  as  Professor  Smith  suggests,  which  would 
appeal  to  the  students  and  which  would  arouse  their  interest 
in  reading  could  be  placed  before  them,  I  believe  it  would  be  a 
fine  thing. 

"We  now  have  another  possibility  for  the  effective  study  of 
English  at  our  university,  namely,  the  course  in  journalism. 
"We  are  encouraging  our  men  to  elect  those  courses,  largely 
from  the  point  of  view  of  developing  their  English. 

Dean  Fuller :  We  have  a  man  here  this  afternoon  who  is  not 
only  interested  in  engineering  English,  but  has  exerted  a  very 
wholesome  influence  on  the  development  of  engineering  liter- 
ature.   I  suggest  that  he  be  drafted.    I  refer  to  Dr.  Waddell. 

Dr.  J.  A.  L.  Waddell :  This  is  an  old  hobby  of  mine ;  and  I 
think  you  are  all  tired  of  hearing  me  speak  about  it.  I  con- 
sider the  subject  of  English  the  most  important  one  of  all  for 
engineers  who  want  to  get  to  the  top.  It  is  a  subject  that  has 
been  sadly  neglected,  in  nearly  all  the  technical  schools  of  the 
country,  until  lately,  and  is  still  being  neglected  in  some 
schools.  I  have  no  patience  with  a  faculty  the  members  of 
which  say :  ' '  You  should  not  expect  us  to  teach  English  here. ' ' 
As  I  have  said  to  you^  and  have  said  to  them,  English  is  the 
most  important  thing  you  have  to  teach,  and  you  neglect  it. 
I  think  English  should  be  taught  to  freshmen,  sophomores, 
juniors,  and  seniors,  and  even  in  post-graduate  courses.  I 
think  in  every  branch  of  engineering  some  writing  should  be 
done,  and  that  all  such  writing  should  be  criticized  and  cor- 
rected. 

To  get  onto  another  hobby  of  mine,  I  think  that  you  can  im- 
prove not  only  English,  but  the  entire  course  if  you  will 
arouse  the  enthusiasm  of  the  entering  freshmen.  Catch  them 
fresh  and  green,  just  as  they  come  in,  and  show  them  what  a 
fine  thing  the  profession  of  the  engineer  is ;  how  it  is  the  most 
important  profession  of  all;  and  what  they  must  do  to  make 
themselves  worthy  members  of  the  profession.  I  have  been 
working  to  that  end  for  years,  and  I  have  asked  you  gentle- 
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men  to  help.  Some  have  helped;  others  have  not.  I  refer 
now  to  the  book  gotten  out  by  "Waddell  and  Harrington,  a  com- 
pilation of  addresses  made  to  engineering  students,  which  we 
furnish  at  a  very  low  price — below  the  cost  of  publishing. 
The  book  will  soon  be  out  of  print.  We  printed  two  editions, 
eight  thousand  copies  all  told,  and  we  tried  to  get  the  pro- 
fessors to  force  it  upon  the  entering  freshmen,  by  saying  to 
them :  ' '  Gentlemen,  you  have  to  read  this  book,  for  you  will  be 
quizzed  on  it  during  the  course."  Lay  out  a  certain  portion 
for  the  freshman  year,  and  a  certain  part  more  for  other 
years.  You  will  do  an  immense  amount  of  good  to  the  ener- 
getic students,  those  who  are  ambitious  and  want  to  get  on; 
because  when  they  get  a  book  of  that  kind,  they  will  become 
interested  in  the  addresses,  and  will  read  through  it.  I  can 
remember  when  I  was  a  student  how  I  wanted  advice  such  as 
is  given  in  that  book,  and  could  not  get  it.  I  repeat  my  re- 
quest, that  you  gentlemen  give  more  consideration  to  our 
attempt  to  help  the  engineering  profession  in  that  way,  by 
getting  the  entering  freshman  and  the  students  in  general  to 
read  this  book. 

Professor  C.  W.  Park:  I  am  glad  we  have  had  several  angles 
of  this  discussion  brought  out;  and  I  am  sure  that  all  ap- 
preciate especially  Dr.  Smith's  presentation  of  the  third  side 
I  referred  to,  you  remember — English  as  the  last  stand  of 
the  humanities,  as  the  humanizing  force.  Dr.  Smith  included 
English,  of  course,  as  a  means  of  developing  constructive 
imagination,  the  artistic  side  of  engineering.  That  should 
not  be  overlooked.  I  was  glad  also  that  Dr.  Smith  expressed 
the  reaction  which  we  all  feel  from  time  to  time  against 
the  highly  specialized  English  under  definite  labels. 

I  believe  that  specialization  in  English  is  not  justified 
beyond  the  point  to  which  a  certain  definite  technique  may 
extend.  I  do  believe  that  there  is  need  for  it  in  technical 
reports  and  in  technical  journalism.  The  lawyer  has  to  learn 
how  to  draw  up  a  brief;  and  that  brief  is  not  only  the  con- 
ventional language  of  his  argument,  the  conventional  form  in 
which  it  is  expressed ;  but  it  is  also  what  tlie  experience  of 
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generations  of  lawj-ers  has  proven  to  be  the  most  logical  way 
of  arranging  the  thought  and  testing  the  validity  of  argu- 
ments. Similarly,  an  engineer  is  expected  to  write  his  re- 
ports and  articles  with  definite  technique.  In  so  far  as  there 
are  special  forms  and  special  kinds  of  technical  style,  they 
should  be  learned  and  cultivated.  But  I  think  we  all  agree 
that  this  should  not  be  done  to  the  exclusion  of  the  big  human 
values  which  Dr.  Smith  has  so  well  pointed  out. 

It  is  not  the  policy  of  our  Committee  this  year  to  speak 
definitely  to  the  practice  of  particular  institutions.  One  is 
always  inclined,  because  of  familiarity  with  his  own  institu- 
tion, to  cite  illustrations  of  such  practice ;  and  I  want  to  say 
just  in  a  word  that  we  have  found  as  a  result  of  several  years' 
experience  at  the  University  of  Cincinnati,  that  by  giving 
the  students  instruction  in  what  we  may  call  the  mechanics 
and  technique  of  engineering  expression,  by  keeping  in  touch 
with  the  students  with  regard  to  this  kind  of  writing  during 
the  entire  course,  we  have  freed,  a  good  deal  of  time  to  be  used 
in  teaching  literaiy  English.  "We  have  gotten  results  that  are 
most  encouraging.  The  students  have  learned  the  difference 
between  the  various  kinds  of  technical  articles  and  they  have 
written  many  articles  for  publication.  They  have  also  written 
stories ;  and  other  forms  of  literary  composition  because  they 
wanted  to  do  it :  not  because  they  were  compelled  to  do  it. 


REPORT  OF  COMMITTEE  OX  MECHANICS  AND 
HYDRAULICS. 

Committee  No.  13. 

BY  E.  B.  MAUEEK. 

Committee  Number  13  is  not  making  any  final  report  on  any 
phase  of  its  work.  The  main  task  before  the  Committee  this 
past  year  and  the  year  before,  has  been  the  consideration  of  a 
syUabus  on  the  subject  of  dynamics.  The  opinions  of  members 
of  the  Committee  were  very  diverse  at  the  beginning  of  the 
work.  The  committee  still  differs  more  or  less  but  their  minds 
are  gradually  coming  together.  A  small  majority  of  the  Com- 
mittee might  have  presented  a  report  on  the  syUabus  at  this 
time,  but  it  was  deemed  wise  to  defer  final  presentation  for 
another  year,  with  the  expectation  that  the  opinion  of  the 
Committee  on  the  final  syUabus  would  be  more  nearly  unani- 
mous than  it  is  now. 

Yesterday  there  was  distributed  here  a  contribution  from 
one  of  the  members  of  our  Committee.  Professor  Hoskins.  in 
which  he  presents  his  views  upon  some  of  the  perplexing 
things,  or  upon  some  of  the  things  about  which  teachers  of 
physics  and  mechanics  differ  a  great  deal.  That  contribution, 
as  the  title  page  states,  is  before  the  Committee.  It  was  pre- 
sented here  informally  with  the  expectation  or  hope  that  teach- 
ers of  mechanics  and  physics  or  other  members  might  comment 
on  the  contribution  for  the  benefit  of  the  Conunittee. 

To  perform  a  task  set  by  the  Committee  on  Committees, 
Committee  Number  13  made  certain  inquiries  by  means  of  a 
questionnaire  sent  out  some  time  during  the  winter.  Only 
forty  replies  came  as  a  result  of  that  questionnaire,  and  the 
Committee  feels  that  the  quest  for  answers  to  the  questions 
should  be  prosecuted  further  by  means  of  a  follow-up  or  pos- 
sibly an  additional  questionnaire.     So  we  are  not  presenting 
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the  results  that  came  out  of  that  phase  of  our  work.  But  I 
may  say  in  that  connection  that  the  questionnaire  resulted  in  a 
pretty'  large  collection  of  examination  questions ;  something 
like  one  hundred  and  fifty,  I  think,  were  sent  in.  I  have  these 
here  with  me,  and  I  will  have  them  at  the  Committee  table 
tomorrow  morning.  I  think  they  may  be  of  interest  to  teachers 
of  mechanics,  physics,  mathematics,  and  perhaps  others. 

Discussion. 

Professor  J.  E.  Boyd :  In  its  report,  the  Committee  on  Math- 
ematics covered  part  of  what  I  intended  to  say  in  regard  to 
the  importance  of  coordination  in  mathematics  and  mechanics. 

In  the  much  discussed  subject  of  dynamics,  some  of  the  con- 
fusion which  seems  to  exist  is  also  due  to  lack  of  coordination 
in  the  use  of  the  units  of  force  and  mass.  The  syllabus  as  pro- 
posed by  Professor  Maurer  brings  out  clearly  the  two  "schemes 
of  units"  and  the  various  recognized  systems  of  the  second 
"scheme."  The  physicists,  who  give  the  first  instruction  in 
dynamics  to  engineering  students,  use  the  systems  in  which 
the  units  of  mass,  length,  and  time  are  arbitrarily  chosen, 
while  the  unit  of  force  is  defined  by  means  of  the  formula 

Force  =!  mass  X  acceleration. 

As  they  prefer  the  metric  units  they  put  the  chief  emphasis 
on  the  C.G.S.  system  where  the  dyne  is  the  unit  of  force. 
With  the  pound  mass  and  the  foot,  the  corresponding  unit  of 
force  is  the  poundal. 

The  best  coordination  with  physics,  as  it  is  everywhere 
taught,  may  be  secured  by  using  the  poundal  as  the  unit  of  force 
and  the  foot-poundal  as  the  unit  of  energy.  One  has  only  to  re- 
member that  these  are  reduced  to  pounds  force  or  to  foot- 
pounds by  dividing  by  the  local  value  of  g.  Unfortunately, 
there  are  engineering  books  which  use  the  system  designated 
by  "c"  in  the  syllabus,  and  the  student  who  has  learned  that 
the  pound  is  the  unit  of  mass,  is  confused  to  find  mass  given 
as  w/g.  Of  course,  there  is  no  trouble  if  one  fully  under- 
stands the  various  systems  as  set  forth  in  the  syllabus,  but  it 
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would  be  better  if  there  were  fewer  systems  for  the  beginner 
to  learn.  The  absolute  system  as  used  by  the  physicists  is 
thoroughly  established,  and  teachers  of  mechanics  should  en- 
courage its  use  (with  the  English  units  of  course)  and  should 
discourage  the  introduction  of  new  units  and  the  use  of  other 
absolute  systems. 

But  every  system  of  the  second  "scheme"  involves  at  least 
one  unit  of  force  which  is  not  in  everyday  use.  There  are  no 
spring  balances  which  measure  force  in  poundals,  and  there 
are  no  commercial  "weights"  of  32.174  pounds.  The  engineer, 
long  out  of  college,  may  remember  some  of  the  formulas  of 
dynamics  but  is  likely  to  forget  how  and  when  to  use  g  to  re- 
duce to  the  common  units.  For  this  reason  it  would  be  better 
to  employ  the  first  "scheme"  where  g  appears  in  the  formulas, 
and  the  units  are  those  in  common  use.  Some  of  these  formulas 
are: 

Accelerating  force,  in  pounds  =^ma/(7; 

Kinetic  energy,  in  foot-pounds  =:mi;-/2gr; 

Kinetic  energy  of  rotation,  in  foot-pounds  =  lii?/2g, 
in  which  the  mass  is  expressed  in  pounds  and  the  acceleration 
and  velocity  in  foot  and  second  units.  It  is  not  advisable  to 
connect  g  with  the  mass  in  pounds  to  get  a  new  unit,  or  to  re- 
gard it  as  used  to  reduce  poundals  to  pounds  force,  but  it 
should  rather  be  regarded  as  a  coefficient  or  as  fourth  term  in 
the  formula. 

Several  years  ago  Dr.  ]\Iann*  called  attention  to  the  trouble 
in  teaching  elementary  physics  due  to  the  little  dyne.  At  that 
time  I  thought  his  ideas  rank  heresy.  I  am  now  sure  that  the 
absolute  system  should  be  omitted  entirely  from  an  elementary 
course.  Why  teach  ten  thousand  high  school  pupils  something 
they  will  never  use  for  the  sake  of  one  possible  investigator  in 
physics  who  will  have  plenty  of  opportunities  to  learn  the 
subject  later?  In  college  physics  and  mechanics  the  first 
"scheme"  should  have  the  preference.  The  absolute  system 
should  be  given  secondary  prominence  and  emphasized  only  in 
those  courses  where  it  is  really  needed. 

Professor  H.  S.  Jacoby:  Are  there  any  suggestions  for  the 

*  Science,  June  IS,  1909,  pages  957,  958. 
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work  of  this  Committee  during  the  coming  year  ?  I  was  very 
much  impressed  this  morning  by  the  expression  of  earnest  de- 
sire for  cooperation  between  physics  and  mathematics;  and 
mechanics  was  also  referred  to,  was  it  not?  The  matter  of 
coordination  is  a  mighty  live  one  in  many  institutions.  Do 
you  wish  to  express  any  opinion  upon  it  ? 

Dean  P.  F.  Walker:  Isn't  that  point  covered  by  the  motion 
which  was  passed,  made  by  Professor  Hedrick,  putting  the 
Society  on  record  as  ad^dsing  committees  in  the  different  insti- 
tutions, to  bring  about  coordination? 

Professor  Jacoby:  That  applies  simply  to  the  institutions. 
The  question  I  raised  was  in  view  of  the  strong  feeling  ex- 
pressed in  the  report  on  mathematics,  that  coordination  should 
be  made  a  prominent  feature.  I  want  to  learn  your  desire, 
whether  there  should  be  a  recommendation  as  to  active  co- 
operation between  the  committees  on  physics  and  mechanics. 

Professor  A.  M.  Greene,  Jr.:  I  think  there  should  be  coor- 
dination between  physics  and  mechanics.  I  think  the  student 
gets  his  first  ideas  in  the  physics  department,  and  then  as  he 
goes  into  applied  physics:  mechanics,  thermodynamics,  and 
hydraulics.  It  is  sometimes  a  shock  to  him  to  learn  that 
where  W/g  does  equal  M,  W  means  force,  and  not  a  measure 
of  mass.  It  is  very  important,  I  feel,  that  there  should  be  a 
very  close  coordination  between  the  department  of  physics 
and  the  department  of  mechanics,  thermodynamics,  and 
hydraulics. 

Professor  Greene :  I  move  that  it  is  the  sense  of  this  meeting 
that  the  Committee  on  Mechanics  in  the  preparation  of  its 
syllabus  hold  conferences  either  by  letter  or  at  meetings  with 
the  Committee  on  the  Teaching  of  Physics. 

Motion  seconded  and  carried. 


REPORT  OF  THE  COMMITTEE  ON  ECONOMICS. 

Committee  No.  14. 
by  j.  a.  l.  waddell. 

The  questionnaire  printed  below  was  sent  to  105  deans  of 
engineering  schools  in  the  United  States  and  Canada.  The 
answers  have  been  tabulated  but  not  completely  digested,  con- 
sequently the  complete  report  will  be  delayed  until  the  next 
annual  meeting,  at  which  time  the  Committee  hopes  to  prefeent 
some  definite  conclusions  in  regard  to  the  teaching  of  eco- 
nomies in  engineering  schools. 

QUESTIOXNAIRE. 

A  new  committee  on  the  teaching  of  economics  has  been  con- 
stituted in  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation. TVe  feel  sure  that  you  will  be  interested  in  the  pur- 
poses of  this  committee,  and  we  count  upon  your  assistance  in 
its  work.  We  should  be  very  glad  if  you  would  give  us  your 
ideas  on  the  following  questions,  specifically  if  possible,  other- 
wise generally — in  any  case  please  give  us  your  ideas : 

1.  "What  courses  in  economics  are  taught  to  your  engineer- 
ing students? 

2.  Please  outline  the  main  topics  covered  in  each  course. 

3.  "Which  of  these  are  required  and  which  are  elective  ? 

4.  Are  these  all  taught  regularly  every  year;  if  not.  what 
are  the  exceptions  ? 

5.  Are  the  same  required  (or  obligatory)  coui-ses  given  to 
the  students  in  the  various  divisions  of  engineering  (civil, 
mechanical,  electrical,  etc.)  ?  If  not,  what  differences  are 
made? 
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By  the  aid  of  your  answers  we  hope  to  formulate  a  plan  for 
a  more  complete  investigation  of  this  important  subject.  Ob- 
viously the  result  of  this  committee's  work  can  be  of  value 
only  in  so  far  as  it  succeeds  in  expressing  the  views  of  those 
with  whom  it  would  lie  to  put  conclusions  into  effect. 

Have  you  not  some  suggestions  as  to  the  best  way  the  com- 
mittee should  proceed  in  its  work? 


REPORT    ON    CIVIL    ENGINEERING. 

Editor's  Xote. — The  following  report  contains  the  tabulated 
results  of  the  questionnaire  sent  out  by  the  Committee  on 
Improvement  in  Laboratory  Practice  (Civil  Engineering,  ap- 
pointed at  the  Princeton  meeting).  The  data  were  secured  in 
the  winter  and  spring  of  1915.  The  work  of  tabulation,  etc., 
was  done  by  Professors  ^V.  E.  Mott  and  C.  B.  Stanton,  of  the 
Carnegie  Institute  of  Technology. 

Later  this  committee  was  combined  with  others  to  form 
Committee  Xo.  15.  Civil  Engineering,  with  the  same  chair- 
man but  with  additional  members.  This  report,  therefore,  is 
the  work  of  the  old  Committee  on  Improvement  in  Labora- 
tory Practice  and  will  be  discussed  at  the  Virginia  meeting. 

QUESTIOXXAIBE, 

Eequired 

Course : — (Title)    Catalogue  No   Optional 

Taken  bv  students  in Eng.  course semester  of 

the year.    Given  during  college  year  or  summer  vacation  f 

Number  of  credits  given  for  completion  of  course 

Total  actual  hours  required  for  entire  course.     Kecitation 

Laboratory ,  Drawing  room ,  Field 

Text  book  used:  (Please  indicate  under  this  heading  what  general  topics 
are  covered  in  the  course  and  the  approximate  time  apportioned  to  each, 
giving  recitation,  laboratory,  drawing  room  and  field  work  separately.) 
Do  you  consider  that  more,  or  less,  time  should  be  given  to  this  course 
than  indicated  above   ?     Please  give  reasons. 

Summer  School, 
SuBVKYiNG,  Geodetic  akd  RAnJiOAD  Field  Work. 


Where  is  this  work  carried  onT 

Total  actual  hours  required: — Are  these  hours  included 

under  ' '  Field ' '  on  the  opposite  page  f 
Are  the  students  quartered  in  hotel  f 
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Does  the  college  own  a  permanent  camp  site? 

Does  the  college  operate  the  mess? If  not,  how  are 

meals  provided? 

Is  a  camp  "store"  maintained? Is  one  desirable? 

Are  courses  other  than  those  indicated  above  given  during  Summer  School? 

What  total  sum  is  charged  each  student  for  board  per  week? 

What  total  sum  is  charged  each  student  for  lodging  per  week? 

What  total  sum  is  charged  each  student  for  instruction  per  week? 

What    is    the    transportation    expense,    per    student,    to    and    from    the 

college  ? 

What  other  regular  charges  are  made? 

What  equipment  must  the  student  provide? 
What  equipment  does  the  college  provide? 
Name  of  College  answering 
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Discussion. 

Professor  0.  M.  Leland:  If  I  might  offer  a  suggestion,  in 
view  of  tlie  fact  that  the  report  is  not  supposed  to  be  complete, 
I  should  like  to  say  that  in  some  cases  here,"  a  different  basis 
of  comparison  would  be  better,  perhaps,  as  regards  the  amount 
of  time  devoted  to  the  different  kinds  of  surveying  courses  at 
the  various  institutions.  In  the  first  place,  on  the  last  page 
there  is  a  tabulation  regarding  field  practice,  which  pertains 
particularly  to  sununer  schools  of  surveying :  and  I  think  here 
it  would  be  important  if  the  number  of  weeks  of  attendance 
might  be  indicated,  as  well  as  the  number  of  actual  hours, 
because  in  some  cases  the  day  is  much  longer  for  one  institu- 
tion than  for  another.  For  example,  in  some  eases  work  is 
done  on  the  campus,  and  is  embraced  here  in  the  summer 
school  of  surveying.  In  case  of  work  done  on  the  campus,  the 
chances  are  pretty  great,  I  think,  that  the  day  lasts  from  about 
eight  o'clock  in  the  morning  to  five  at  night,  with  no  evening 
work;  whereas  work  at  camp  would  probably  include  work 
from  seven  to  five,  with  two  or  three  hours'  work  in  the  even- 
ing. I  think  that  an  addition  there  of  the  number  of  weeks 
required  for  attendance  at  camp  would  be  useful. 

Then,  if  we  could  have  some  more  information  regarding 
the  summer  schools  that  are  not  held  at  fixed  locations — those 
that  are  held  at  different  places  in  the  country — ^with  regard 
to  the  plans  on  which  these  places  are  selected;  as  to  whether 
they  are  selected  accidentally,  or  whether  systematic  surveys 
are  carried  on  from  year  to  year  and  the  camps  therefore  are 
in  contiguous  areas,  one  of  which  is  surveyed  each  year;  I 
think  this  might  be  interesting  information. 

If  we  could  get  a  tabulation  in  addition  to  this,  which 
would  show  how  many  hours  are  devoted  to  a  certain  number 
of  branches  of  surveying  at  different  institutions — this  would 
be  helpful.  The  attempt  has  been  made  here  apparently  to  do 
something  of  this  kind ;  but  it  seems  to  me  to  be  hardly  com- 
plete enough  or  in  sufficient  detail  so  that  comparisons  could 
be  made.     I  think  a  couple  of  tables  arranged  on  that  basis 
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would  be  of  service,  that  is,  showing  for  instance  how  many 
hours  are  devoted  to  elementary  surveying,  how  many  to  plane 
surveying,  mine  surveying,  city  surveying,  or  geodetic  survey- 
ing. I  think  detailed  information  here  is  hardly  sufficient  for 
a  reasonable  comparison,  because  in  many  cases  apparently  the 
reports  were  on  the  subject  as  a  whole,  and  in  other  cases  the 
reports  were  on  various  parts  of  the  subject.  Both  are  shown 
here. 
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The  chairman  of  the  Committee  makes  this  progress  report 
on  the  present  condition  of  shop  practice  in  engineering 
schools  of  the  United  States.  The  Committee  has  not  had 
this  report  to  discuss  and  it  is  to  be  considered  merely  as  a 
report  of  progress. 

The  report  is  based  on  forty-seven  replies  to  a  questionnaire 
of  forty-six  questions  sent  to  about  ninety  institutions  in  the 
United  States.  The  answers  came  in  very  slowly  and  in  some 
cases  objections  were  made  to  the  length  of  such  question- 
naires, but  in  most  cases  there  was  an  endeavor  to  give  as 
much  information  as  possible.  The  questionnaires  were  ac- 
companied by  a  letter  asking  for  sets  of  blue  prints,  reports, 
notebooks,  or  other  matt-er  showing  the  method  of  carrying 
on  the  work  in  the  shop.  Your  Committee  has  received  so 
few  returns  from  this  letter  that  no  analysis  could  be  made 
of  this  phase  of  the  Committee's  activities.  The  report  will 
deal  only  with  the  analysis  of  the  replies  to  the  questionnaire. 
The  questionnaire  as  sent  out  is  given  on  pages  724  to  727  of 
the  June  (1916)  Bulletin.  It  is  to  be  remembered  that  this 
report  gives  the  present  status  of  shop  work  in  the  technical 
schools  of  the  United  States. 

The  reasons  given  for  including  shop  work  in  engineering 
curricula  vary  with  the  in.stitution.  In  the  largest  number 
of  cases,  however,  the  reasons  are :  The  knowledge  of  manu- 
facturing operations  and  of  limitations  of  tools  and  materials 
to  apply  later  in  design  and  the  training  of  the  student  in 
shop  methods.  A  number  of  other  reasons  were  given :  to 
conform  to  custom ;  to  give  some  idea  of  mechanic  arts ;  to 
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enable  the  student  to  enter  commercial  shops;  to  enlist  en- 
thusiasm in  young  students ;  to  impress  the  value  of  time  and 
head  work  in  production ;  to  teach  students  to  read  drawings 
and  to  undei-stand  the  value  of  dimensions ;  to  develop  manual 
accuracy  and  confidence;  to  broaden  the  student's  viewpoint; 
to  teach  the  principles  of  management;  to  train  students  in 
human  engineering  ,•  to  train  them  in  computing  manufactur- 
ing costs:  to  demonstrate  the  principles  of  the  transfer  of 
thought  and  the  transfer  of  skill :  to  give  mental  training ;  to 
train  men  to  think  clearly  on  any  one  subject  and  to  properly 
supervise  and  direct  work ;  and  to  train  them  to  be  observant. 

In  most  cases  the  aim  has  been  for  mental  trainings  rather 
than  manual  dexterity  although  in  some  cases  the  object  has 
been  merely  acquisition  of  knowledge.  In  a  few  cases  those  an- 
swering question  27  placed  manual  skill  above  mental  training. 

That  the  shop  is  fulfilling  its  mission  is  shown  in  various 
ways  as  indicated  by  the  answers  to  question  28.  The  proof 
is  shown  by  the  following:  The  experience  of  students  after 
graduation ;  by  work  in  design  courses  in  the  technical  schools ; 
by  the  work  done  in  connection  with  thesis  work :  by  the  posi- 
tions as  journeymen  secured  by  engineering  graduates:  by 
positions  attained  by  graduates ;  by  the  difference  between  the 
work  done  by  graduates  of  engineering  schools  and  by  those 
from  classical  courses :  by  the  statements  of  graduates ;  by  the 
ability  of  certain  graduates  as  designers  and  by  the  progress 
made  by  graduates  of  engineering  schools. 

The  traditional  shop  course  does  not  prepare  the  student  to 
face  modern  industrial  conditions  in  the  opinion  of  most  of 
those  answering,  although  a  few  answered  in  the  affirmative. 
In  explaining  the  answer,  however,  almost  all  believe  that 
with  little  extra  work  the  graduate  can  enter  modern  indus- 
trial life  with  success. 

To  carry  out  the  work  in  the  shop  different  amounts  of 
time  are  required  by  different  institutions  and  moreover  the 
amount  of  time  given  to  men  in  the  different  courses  varies. 
The  students  of  mechanical  engineering  and  of  electrical  engi- 
neering receive  the  same  amount  of  shop  training  in  most 
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institutions  although  in  some  institutions  the  electrical  engi- 
neering men  receive  less  training.  The  work  for  those  in  civil 
engineering,  chemical  engineering,  architecture,  mining  engi- 
neering, agriculture  and  ceramics  is  much  less,  being  nothing 
in  many  institutions. 

The  total  amount  of  work  averages  512  actual  hours,  vary- 
ing from  1.328  houi-s  to  270  hours.  The  work  of  the  various 
years  is  given  in  the  table  below : 

I        Average.  Maximum.      ]      Minimum. 


Freshman  vear 171  360  0 

Sophomore  year 180  400  0 

Junior  year :  117  400  0 

Senior  year I 44 256  0 

This  time  is  made  of  periods  varying  from  2  hours  to  8  hours 
per  day.  When  the  longer  period  is  used  the  shop  work  is 
done  in  the  summer  or  in  a  special  term. 

The  work  includes  joinery,  pattern  making,  foundry,  forg- 
ing and  machine  work.  In  some  in.stitutions  heat  treatment 
of  steel,  metallography,  machine  tool  construction,  shop 
methods  of  time  study  and  cost  study  with  shop  management 
are  included  in  the  shop  work,  while  in  one  institution  plumb- 
ing is  given.  The  sequence  of  the  work  varies  although  the 
order  given  above  is  quite  common.  Half  of  the  work  is  often 
devoted  to  the  machine  shop,  a  quarter  to  the  wood  shop,  one 
eighth  to  the  forge  shop  and  an  eighth  to  the  foundry'. 

Instruction  in  most  institutions  is  individual,  supplemented 
by  class  lectures  and  demonstrations.  The  work  is  mostly  of 
small  size  to  illustrate  principles,  although  some  commercial 
work  is  done  by  certain  institutions  and  in  a  number  of  schools 
machines  or  machine  parts  are  made  during  the  shop 'course. 
In  veiy  few  cases  the  product  is  classed  as  large. 

In  this  work  71  ^c  of  the  institutions  require  some  collateral 
or  preparatory  reading  and  only  33  %  require  a  systematic 
course  of  reading  or  study  in  connection  with  the  work  of  the 
.shop.  One  third  of  those  reporting  require  written  reports 
on  notebooks  on  the  shop  work  or  reading. 
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The  instruction  is  done  in  sections,  averaging  twenty-two 
men  per  instructor,  varying  from  8  to  35.  The  number  of 
instructors  in  shop  work  in  an  institution  varies  from  1  to 
13,  while  the  number  of  students  taking  shop  work  in  any 
one  year  varies  from  25  to  nearly  1,000. 

The  product  of  the  shop  in  most  cases  is  scrapped,  although 
students  in  certain  schools  are  given  their  work  or  may 
purchase  it  by  paying  for  the  material.  In  a  few  schools  the 
work  is  done  on  a  commercial  product  sold  by  the  school. 

The  degree  of  accuracy  demanded  in  this  work  is  different 
in  different  schools.  In  most  cases  0.001"  to  0.002"  is  re- 
quired in  the  machine  shop,  1/64"  in  the  wood  shop  and 
1/32"  in  the  forge  shop.  In  some  cases  accuracy  in  dimen- 
sions is  not  required,  form  being  the  important  considera- 
tion. •  The  finish  usually  required  is  best  described  as  com- 
mercial finish,  varying  with  the  kind  of  work. 

To  determine,  whether  or  not  a  student  should  receive  a 
passing  grade  for  shop  work,  a  definite  number  of  hours  of 
work  is  required  by  some,  while  others  require  a  definite 
amount  of  work.  In  some  institutions  the  judgment  of  the 
instructor  on  an  indefinite  amount  of  work  during  a  definite 
number  of  hours  is  used  to  determine  this.  In  some  institu- 
tions the  ability  to  solve  shop  problems  is  used  as  the  criterion. 
The  grades  of  the  students  are  mostly  reported  by  a  system 
of  letters,  each  letter  having  a  numerical  meaning.  In  quite 
a  number  of  cases,  however,  the  percentage  method  is  used. 
In  most  cases  a  grade  of  below  60  per  cent,  requires  a  repeti- 
tion of  the  course  while  a  mark  below  70  per  cent,  requires 
another  examination. 

The  value  of  the  apparatus  in  various  shops  is  reported  to 
Committee  as  given  in  following  table  in  round  numbers: 


Wood  shop 

Machine  shop 

Foundry 

Forge  shop 

Miscellaneous  tools 


f  4,000 

11,300 

2,100 

2,500 

2,000 


$14,000 

13,000 

9,000 

6,200 

10,000 


P5,000 

2,000 

400 

500 

200 


214  REPORT   OF    COMMITTEE 

In  most  institutions  all  tools  are  used  by  students  although 
in  certain  ones,  some  tools  are  used  only  for  demonstration 
and  some  for  regular  work  are  operated  by  the  instructors 
only.  These  machines  include  band  saws,  circular  saws,  swing 
saws,  jointers,  automatic  screw  machines,  universal  grinding 
machines,  heat  treatment  apparatus,  knife  grinding  machines, 
and  some  tools  used  for  repair  work. 

In  most  school  shops  the  checking  system  is  used  in  issuing 
tools  from  the  tool  room.  This  room  in  some  cases  is  in  charge 
of  the  students.  The  students  are  supplied  with  tool  kits  in 
some  institutions.  These  contain  the  necessary  tools  for  most 
of  the  work  but  extra  tools  can  be  obtained  from  the  tool 
room.  The  tools  are  sharpened  by  the  students  in  most 
cases  although  in  a  few  institutions  all  sharpening  is  done  in 
the  tool  room  by  those  in  charge  of  this  work,  sharp  tools 
being  issued  to  replace  dull  ones  when  these  are  returned. 
Instruction  in  the  principles  of  sharpening  is  given  before 
the  student  does  any  of  this  work. 

The  reports  show  that  summer  work  in  commercial  shops 
is  required  for  some,  arranged  for  by  others  and  in  many 
cases  it  is  not  cared  for  or  thought  desirable.  Very  few  give 
credit  for  this  work. 

Most  of  those  answering  the  questionnaire  think  that 
although  shop  operation  should  be  learned,  the  operation  of 
machines  is  important  to  the  engineer. 

Although  some  insist  that  the  elements  of  time  and  cost 
should  be  considered,  others  believe  that  students  can  not 
properly  appreciate  these  elements.  Most  of  those  answering 
believe  that  good  work  may  be  done  in  shops  equipped  with 
old  or  obsolete  machines  with  the  proper  instruction.  This 
same  opinion  is  held  in  regard  to  methods  which  are  not  equal 
to  commercial  practice.  In  all  cases  except  one.  the  work  in 
the  various  shops  is  part  of  a  general  scheme  and  the  shops 
are  not  independent  of  each  other. 

About  one  fourth  of  the  institutions  are  endeavoring  to  plan 
the  shop  work  to  train  executives.  In  many  of  the  institutions 
the  problems  of  shop  management  are  covered  in  other  courses 
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than  those  given  in  the  shops.  One  half  of  the  institutions 
use  time  clocks  and  time  cards  and  one  sixth  of  the  shops 
operate  the  shops  on  instruction  cards  and  study  students' 
work  for  fixing  time.  A  few  institutions  use  students  as 
foremen  or  speed  bosses.  About  one  third  of  the  institutions 
study  shop  management  in  the  shop,  doing  this  in  the  senior 
year  and  about  the  same  number  have  done  some  experimental 
work  in  the  art  of  cutting  metals.  This  was  done  for  thesis 
work  or  in  the  junior  or  senior  year.  In  some  cases  the  shop 
is  used  also  for  determination  of  power  of  machine  tools. 

Although  there  seems  to  be  no  coordination  between  the 
shop  and  other  departments  in  some  institutions,  there  is  co- 
ordination in  most  of  them.  This  is  between  shop  work  and 
the  departments  of  mechanical  engineering,  machine  design 
and  drawing. 

The  answers  seem  to  indicate  that  the  objects  of  the  shop 
are  being  accomplished  and  that  the  trend  of  shop  instruction 
is  along  the  lines  of  modern  shop  methods  and  management. 

Discussion. 

Professor  F.  C.  Caldwell:  Professor  Greene  has  said  that 
in  most  cases  the  shop  work  for  the  mechanical  and  electrical 
engineering  students  is  the  same.  To  what  extent  in  the  elec- 
trical engineering  curricula  is  distinctively  electrical  shop 
work  included?  Also  ought  not  such  shop  work  to  be  gen- 
erally required?  An  electrical  engineering  student  should 
not  graduate  without  having  some  familiarity  with  soldering, 
wiring,  joint  making,  coil-winding,  etc.,  but  generally  such 
work  comes,  if  at  all,  more  or  less  incidentally  rather  than  as 
a  regular  part  of  the  curriculum. 

Dean  C.  L.  Cory:  I  think  that  we  should  not  only  give  some 
shop  courses  that  will  be  particularly  allied  to  electrical  engi- 
neering, but  I  think  also  that  we  should  give  some  electrical 
engineering  shop  work  to  our  mechanical  engineers. 

Unless  we  are  careful  we  are  going  to  again  introduce  the 
adjective  to  the  word  "engineer"  even  in  our  elementary 
courses,  and  I  do  not  think  this  at  all  desirable. 
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Recently  we  have  been  called  upon  to  open  our  machine 
shops  to  the  chemical  engineer,  the  student  interested  in  forest 
utilization  and  to  a  large  number  of  students  in  agriculture. 
I  do  not  like  to  think  that  any  shop  courses  are  given  that  are 
necessarily  defined  by  an  adjective.  I  should  prefer  to  see 
freshman  or  sophomore  in  electrical  engineering,  mechanical 
engineering,  chemical  engineering,  forest  utilization  and  agri- 
culture have  same  work  in  the  shop.  There  is  no  reason  why 
all  of  these  students  should  not  in  the  shop  learn  some  of  the 
fundamental  principles  of  electrical  machinery.  In  other 
words,  the  shop  should  be  the  place  to  broaden  the  students' 
interest  rather  than  direct  it  in  a  narrow  way  to  a  special  line. 

Before  lea\-ing  the  floor  I  should  like  to  say  a  word  about 
the  effect  upon  the  student  of  the  equipment  and  tools  in  the 
shop.  I  was  greatly  impressed  a  few  weeks  ago  by  going 
through  some  of  the  machine  tool  works  in  Detroit  and  Cin- 
cinnati, and  I  was  told  that  machine  tools  made  in  America 
are  now  being  purchased  for  use  in  the  greatest  shops  abroad. 
It  seems  the  machine  tools  made  in  America  are.  above  all 
things,  constructive,  which  means  that  the  men  responsible 
for  the  design  of  such  complicated  and  delicate  equipment  not 
only  have  great  imaginations  but  extraordinaiy  constructive 
ability.  We  must  not  minimize  the  value  to  the  student  of 
the  opportunity  of  seeing  and  using  the  highest  types  of  ma- 
chine tools,  because  by  so  doing  we  will  tend  to  develop 
imagination  and  constructive  ability,  at  least  to  some  degree. 

To  develop  manual  dexterity  at  one  time  seemed  to  be  thft 
most  important  thing  in  the  shops  of  our  engineering  schools. 
Skill  in  the  use  of  tools  is  of  course  worth  while,  but  it  cer- 
tainly should  be  secondary  to  the  more  import-ant  development 
of  the  consideration  of  the  principles  of  design  and  the  ability 
to  work  out  details  of  a  device  to  aceompli-sh  some  particular 
object.    By  all  means  let  shop  work  be  on  a  broad  basis. 

Professor  A.  J.  Wood :  At  The  Pennsylvania  State  College, 
all  engineering  students  are  required  to  present  oflSeial  evi- 
dence of  a  total  of  eighteen  weeks  of  outside  summer  work  in 
the  industries.     Three  weeks  of  such  work  are  accepted  as  the 
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equivalent  of  one  college  credit.*  If,  by  his  senior  year, 
a  man  fails  to  report  work  for  all  of  the  required  summer 
credits,  he  must  schedule  approved  subjects  at  the  college  to 
meet  the  deficiency. 

I  have  watched  carefully  the  effect  of  this  training  on 
mechanical  engineering  students  and  have  frequently  been 
asked, ' '  Does  it  take  the  place  of  the  college  shops  ? ' '  My  answer 
is  definitely  ' '  No. ' '  ^Most  of  the  students  get  something  worth 
while  outside  which  they  do  not  get  in  college,  but  in  some 
cases  these  students  have  been  led  to  discount  the  real  value 
and  the  real  meaning  of  the  college  shops.  They  lose  the  per- 
spective and  confuse  the  underhing  purpose.  I  take  it  that 
the  college  shop  is  primarily  to  teach  ivliy  specific  tasks  are 
done  in  the  way  prescribed.  Manifestly,  the  college  cannot 
teach  a  student  to  be  a  mechanic  nor  is  that  its  function ;  it 
has  no  right  to  make  the  pretense.  On  the  other  hand,  it  has 
a  function  quite  independent  of  the  summer  work  in  the 
industries.  Combined  with  the  outside  practice  work.  I  find 
that  the  boy  gets  more  out  of  his  college  shop  courses  than  if 
the  one  was  t^en  without  the  other.  One  rounds  out  th3 
other  to  an  extent  depending  largely  on  the  nature  of  his  out- 
side experience.  On  the  whole,  I  am  led  to  believe  that  in 
most  cases  the  eighteen  weeks  of  outside  work  has  turne'd  out 
better  men  than  we  could  turn  out  by  giving  the  equal  number 
of  credits  in  the  college,  providing  it  is  taken  in  addition  to  a 
well-balanced  schedule. 

Professor  G.  R.  Chatburn:  Is  this  eighteen  weeks  required 
in  addition  to  the  regular  four  years'  work  in  college  shops? 

Professor  Wood:  Yes.  This  is  required  in  addition  to  the 
regular  semester  credits  required  for  graduation. 

Professor  C.  R.  Jones:  Our  practice  in  West  Virginia  is 
somewhat  similar  to  that  outlined  by  Professor  Wood.  We 
formerly  required  outside  summer  work  as  an  extra  to  our 
regular  curriculum.  In  recent  years,  some  differences  of 
opinion  have  arisen  among  the  members  of  the  faculty  as 

*  For  particulars  of  this  ^ork  see  discussion  at  the  Minneapolis  meet- 
ing, as  given  in  Vol.  21,  1913,  page  359. 
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to*the  educational  value  of  practical  work.  "We  had  to  give 
alternate  courses  in  the  university  to  take  the  place  of  sum- 
mer shop  work  for  those  who  could  not  get  outside  prac- 
tice ;  and  the  difference  in  opinion  arose  as  to  the  value 
of  the  work  done  at  the  university  in  comparison  with 
that  done  outside.  "We  have  about  reached  a  compromise 
plan  which  I  believe  will  work  out  pretty  well.  Instead 
of  allowing  credit  for  the  full  five  hours'  required  sum- 
mer practice,  we  shall  require  part  of  the  work  to  be  done 
at  the  university  and  part  outside.  "We  give  credit  on 
the  basis  of  about  3  to  1  in  time;  that  is.  it  takes  three 
weeks  on  the  outside  for  a  semester  hour  credit,  while  ordi- 
narily one  can  make  a  semester  hour  in  about  a  week  in  the 
shop.  That  means  for  1  semester  hour  credit  fifty  hours  in 
the  university  shops,  or  150  hours  in  an  outside  shop.  This 
distinction  is  made  on  account  of  the  repetition  of  work  in 
commercial  establishments. 

In  regard  to  the  differentiation  between  electrical  shop  work 
and  mechanical  shop  work,  we  have  had  a  course  in  what  we 
call  electrical  construction  which  may  be  taken  by  electrical 
students  as  a  substitute  for  one  to  three  hours  of  machine 
shop  practice.  Electrical  students  have,  in  nearly  every  case, 
taken  advantage  of  this  election.  "We  have  not  made  electrical 
construction  a  requirement  in  recent  years,  because  we  have 
been  modifying  our  electrical  shops  and  we  felt  that  we 
might  not  be  able  to  accommodate  all  applicants  until  the 
work  has  been  standardized.  We  are  arranging  the  work  so 
that,  I  think,  it  will  now  be  made  a  requirement.  At  least,  it 
will  be  put  in  as  regular  shop  work,  which  may  be  taken  as  a 
substitute  for  a  part  of  the  machine  shop  work  now  required. 

Electrical  students  take  the  freshman  and  sophomore  shop 
work  at  the  same  time  and  in  the  same  way  as  students  in 
mechanical  engineering.  It  is  only  the  advanced  shop  work 
in  which  the  differentiation  occurs.  "We  give  a  course  in  sheet- 
metal  working  which  includes  soldering.  This  is  given  to  both 
electrical  and  mechanical  engineering  students.  I  have  al- 
ways felt  that  no  student  should  leave  school  who  could  not 
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handle  the  soldering  iron  or  could  not  cut  out  sheet  metal  for 
patterns  of  ordinary  difficulty.  He  ought  to  be  able  to  make 
simple  apparatus  for  himself.    I  find  this  work  very  helpful. 

Professor  E.  F.  Chandler:  I  want  to  endorse  what  has  been 
said  as  to  the  ratio  of  3  to  1  between  outside  and  inside  work. 
It  is  not  quite  analogous ;  but  I  am  doing  nearly  the  same  thing 
in  North  Dakota  myself.  We  have  a  summer  camp  plan, 
which  in  the  case  of  civil  engineering  students  is,  of  course, 
similar  to  shop.  We  have  so  few  students  unfortunately,  or 
fortunately,  that  in  practically  every  case  I  am  able  in  its 
place  to  get  them  out  into  summer  emplojonent  which  brings 
in  cash.  I  won't  say  that  it  is  credited  exactly  in  a  three  to 
one  proportion ;  perhaps  five  to  one  is  the  ratio  allowed  them. 
They  sometimes  protest  a  little,  and  think  they  are  not  getting 
fair  credit;  but  they  make  the  equivalent  all  right  for  they 
have  three  months  actual  work  in  summer  which  is  many  times 
longer  than  the  supposedly  required  time  in  camp. 

I  tell  them  they  are  getting  something  out  of  the  work 
which  they  could  not  get  in  any  way  on  the  campus ;  because 
in  this  outside  work  it  is  a  question  of  efficiency  of  getting 
right  down  to  commercial  results,  whereas  the  work  in  school  is 
much  of  it  mere  practice,  without  any  definite  result.  On  the 
other  hand,  the  commercial  work  is  largely  repetition,  repeti- 
tion, repetition,  until  the  man  can  do  the  work  so  well  and 
quickly  that  he  earns  his  pay ;  but  he,  perhaps,  does  not  get  as 
much  variety  in  a  month  of  outside  work,  as  he  would  in  a  week 
on  the  campus,  so  that  he  can  not  receive  credit  hour  for  hour. 
There  are  advantages  on  either  side ;  but  I  think  the  scheme 
of  crediting  on  the  adjustable  scale,  three  or  four  to  one,  is  a 
proper  plan.  Once  in  a  while  the  boy  does  not  or  can  not  get 
the  proper  kind  of  work  outside ;  and  in  that  case  he  has  to 
put  in  extra  time,  in  holidays  or  recesses  on  the  campus  to 
make  up  his  credits.  In  this  way  we  have  been  able  thus  far 
to  escape  having  the  summer  camp.  That  is  partly  because  we 
have  plenty  of  room  on  the  campus;  and  are  not  like  uni- 
versities in  large  cities,  which  have  other  advantages  but  are 
obliged  to  have  separately  a  summer  camp.    It  is  very  vital  to 
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have  some  outside  work.  I  persuade  many  of  the  students  to 
stay  out  for  a  jear,  between  the  sophomore  and  junior  years 
or  between  the  junior  and  senior  years,  if  they  have  satis- 
factory work  in  the  interval.  They  get  the  most  out  of  their 
courses  in  that  way. 

Professor  F.  F.  Thompson:  I  thiuk  some  gain  would  result 
if  the  Committee  could  get  for  us  a  statement  of  the  condition 
of  shop  work  now,  as  compared  with  its  condition  say  five  or 
ten  years  ago.  Is  shop  work  being  increased  in  any  degree  in 
the  colleges  ?  Is  it  being  decreased  ?  If  so — if  it  is  being  de- 
creased— in  what  particular  does  the  decrease  occur?  What 
portions  of  the  shop  work  are  retained  ?  What  are  the  reasons 
why  various  kinds  of  shop  work  have  been  omitted,  and  why 
others  have  been  retained,  and  remain  in  the  curriculum?  I 
think  that  would  be  information  of  great  value  to  those  of  us 
who  are  interested  in  engineering  courses.  We  could  at  least 
get  the  opinions  of  teachers  as  a  whole.  As  it  is  now.  we  get 
individual  opinions  from  those  with  whom  we  happen  to  come 
in  personal  contact. 

Professor  Greene:  In  regard  to  Professor  Williston's  point, 
I  feel  that  most  of  the  answers  indicated,  although  they  have 
not  said  so  in  substance  just  what  he  is  pleading  for;  that 
most  of  us  are  trying  to  train  the  imagination  by  shop  work. 
We  say  that  it  is  for  the  purpose  of  preparation  in  design 
work;  and  that  is  really  to  train  the  imagination  so  that  we 
can  plan  properly  on  paper. 

In  regard  to  Dean  Cory's  question,  I  would  say  that  no 
records  indicate  any  difference  in  the  electrical  work  and  the 
mechanical  work,  except  in  hours. 

For  ^rr.  Thompson.  I  will  promise  that  we  will  get  together 
information  such  as  he  desires,  which  I  also  think  will  be  very 
valuable.  I  believe  there  are  certain  papers  in  the  transac- 
tions of  this  Society  which  will  help  us  on  that  point.  I  will 
also  endeavor  to  obtain  the  reasons  for  the  omission  and  re- 
tention of  certain  courses. 
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Committee  Xo.  16. 
BY  C.  F.  SCOTT. 

The  Electrical  Engineering  Committee  held  several  sessions 
at  which  the  majority  of  the  members  were  present,  and  after 
consideration  of  various  plans  determined  on  the  following 
schedule,  which  was  approved  by  the  other  members  of  the 
committee.     The  three  items  decided  upon  are  as  follows : 

1.  Short  contributions  to  the  Bulletin  were  invited  relat- 
ing to  methods  or  appliances  in  electrical  engineering  instruc- 
tion. Several  have  been  received  and  have  either  been  pub- 
lished or  await  publication. 

2.  Sequence  of  instruction  in  alternating  current  and  in 
direct  current ;  which  should  come  first  ?  Continuation  of 
discussion  from  last  Convention,  to  which  contributions  were 
in^-ited.  One  has  been  received  from  Professor  "William  Kent. 
It  is  as  follows : 

Prof.  C.  F.  Scott,  Chairman, 

Dear  Sir:  I  notice  in  the  Bulletin  of  the  S.  P.  E.  E.  that 
you  are  inviting  contributions  to  the  subject  of  the  methods  of 
teaching  electrical  engineering.  Here  are  a  few  of  my  ideas 
on  the  subject. 

A.  Direct  current  is  not  a  special  ease  of  alternating  cur- 
rent any  more  than  the  silence  of  a  tuning  fork  at  rest  is  a 
special  case  of  the  sound  it  produces  while  vibrating ;  or  than 
rest  is  a  special  ease  of  motion,  or  than  the  uni-directional  mo- 
tion of  a  fly-wheel  is  a  special  case  of  the  to-and-fro  motion  of 
the  ball  of  a  pendulum. 

B.  Begin  the  study  of  electrical  physics  by  taking  a  tumbler 
containing  acidulated  water,  a  strip  of  copper  and  one  of  zinc, 
and  a  piece  of  copper  wire.     Show  by  a  galvanometer  needle 
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that  something  is  happening  in  or  around  the  copper  wire. 
Put  several  batteries  in  series  and  in  parallel  and  show  the 
effect  on  two  measuring  instruments,  voltmeter  and  ammeter 
(don't  explain  these  instruments  yet).  Wrap  the  copper  wire 
around  a  thermometer  and  show  heating  effect.  Short  circuit 
with  a  thin  wire  and  show  light  and  fusion.  Show  how  the 
magnitude  of  these  effects  depends  on  the  series  and  parallel 
arrangement  of  the  batteries.  Make  and  break  the  circuit 
and  show  sp&rks.  Show  a  horseshoe  magnet  and  its  picking 
up  nails.  "Wrap  the  copper  wire  around  an  iron  bolt  and 
show  that  the  bolt  becomes  a  magnet.  Make  a  magnet  with  a 
wide  flat  pole  piece,  so  that  it  has  a  magnetic  field  of  uniform 
intensity  over  a  considerable  area.  Drag  a  wire  across  this 
field  in  one  direction  and  show  that  a  direct  current  is  made 
in  the  wire.  Show  that  the  voltage  decreases  as  the  wire 
passes  into  a  weak  portion  of  the  field.  Drag  the  wire  across 
the  field  again,  but  in  the  reverse  direction,  and  show  that  a 
similar  direct  current  is  produced,  but  that  the  galvanometer 
needle  shows  that  its  direction  is  reversed.  Now  take  two  pole 
pieces  N  and  S,  placed  some  distance  apart,  and  move  the  wire 
in  a  path  across  the  front  of  one  pole  and  back  across  the  front 
of  the  other  pole.  Show  how  the  direct  current  of  uniform  in- 
tensity, made  while  the  wire  is  passing  across  the  middle  part 
of  N,  is  changed  to  0  voltage  as  it  passes  around  the  curve  at 
A  and  increases  to  V  maximum  when  it  gets  into  the  horizontal 
path  above  S,  and  that  its  direction  is  reversed.  It  is  now  an 
alternating  current  of  three  periods:  (1)  Direct  and  positive; 
(2)  Changing  from  +  F  to  0  and  then  to  —T;  (3)  Direct 
and  negative.  The  alternating  current  is  thus  a  special  case 
of  direct  current.  "Wlien  the  path  of  the  wire  is  circular  the 
ordinary  alternating  current  is  made. 

In  this  way  go  through  the  whole  series  of  the  important 
electrical  phenomena  in  an  experimental  way,  so  as  to  give  the 
student  clear  and  fixed  conceptions  of  elementary  electrical 
facts  before  he  is  troubled  with  theory,  measurements,  mathe- 
matics, etc.  Then  teach  electrical  engineering,  direct  current 
before  alternating  current,  because  it  is  easier  and  simpler. 
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and  does  not  require  higher  mathematics.  The  experimental 
study  of  alternating  current  machines  may,  however,  be  car- 
ried on  at  the  same  time  as  the  experiments  on  direct  current 
machines,  the  theory  and  design  of  alternating  current  ma- 
chines and  transmission  being  postponed  till  later  in  the 
course.  (Signed)     Wm.  Kent, 

3.  A  questionnaire  based  upon  the  following :  ' '  From  your 
present  point  of  view  as  j^ou  look  back  upon  your  life  and  de- 
velopment while  in  college,  what  do  you  consider  benefited 
you  most  ?     Why  ? 

"First.     In  the  regular  curriculum. 
"Second.     In  other  phases  of  your  college  life. 

"Please  state  the  nature  of  your  present  work,  the  name  of 
college  and  year  of  graduation. ' ' 

It  was  the  intention  to  submit  these  questions  to  a  few  se- 
lected graduates  capable  of  forming  a  worth  while  judgment 
and  who  have  been  away  from  college  a  reasonable  length  of 
time.  It  was  anticipated  that  in  the  replies  received  there 
would  be  valuable  suggestions,  both  to  teachers  and  to  stu- 
dents. The  values  set  upon  various  elements  of  college  life  by 
the  graduate  should  be  a  directing  influence  with  the  better 
class  of  students.  The  request  was  sent  to  a  dozen  manufac- 
turing, operating  or  engineering  companies.  Returns  have 
been  received  from  the  Commonwealth  Edison  Co.,  the  Phila- 
delphia Electric  Co.,  and  the  Westinghouse  Electric  &  Manu- 
facturing Co. 

The  individual  replies  indicate  various  points  of  view  and 
will  be  serviceable  when  finally  classified  and  summarized. 

The  report  for  the  Commonwealth  Edison  Co.  concludes 
with  this  summary,  which  is  the  ''General  opinion  of  group  of 
engineers,  graduates  of  Massachusetts  Institute  of  Technology, 
Armour  Institute,  University  of  Illinois,  Ohio  State  Univer- 
sity, etc." 

What  was  of  most  benefit  in  the  college  curriculum  ? 

"Mental  training  acquired  through  hard  study  of  rather 
diversified  subjects  resulting  in  giving  one  the  ability  to  com- 
prehend and  grasp  problems  and  situations  and  to  study  out 
complex  problems. ' ' 
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What  was  of  most  benefit  of  other  phases  of  college  life  ? 
"The  association  with  a  large  number  of  fellow  students  in 
a  manner  of  intimacy  hardly  possible  under  circumstances 
other  than  college  life,  resulting  in  the  ability  to  judge  per- 
sonal characteristics  and  character  in  a  way  that  in  itself  con- 
stitutes a  liberal  education. ' ' 

Chas.  F.  Scott, 

Chairman. 
Discussion, 

Professor  J.  F.  Wilson  (by  letter) :  It  will,  I  think,  be  read- 
ily agreed  that  the  greatest  benefit  to  be  derived  from  a  col- 
lege curriculum  is  "mental  training  acquired  through  hard 
study,"  but  there  is  much  disagreement  as  to  the  best  way  in 
which  this  training  may  be  acquired.  Some  decry  the  teach- 
ing of  facts;  others  think  too  much  stress  is  put  on  theory. 
Are  not  theory  and  fact  coordinate  elements  in  an  education, 
the  one  dependent  on  the  other  ?  A  jumble  of  words  is  not  a 
story;  neither  does  an  accumulation  of  facts  constitute  an 
education.  But  a  story  cannot  be  written  without  words,  and 
an  education  involves  a  systematic  accumulation  and  arrange- 
ment of  facts.  History  loses  none  of  its  cultural  value  because 
of  the  emphasis  it  puts  on  such  facts  as  Waterloo,  Lexington 
and  Appomatox.  Electrical  engineering  should  become  no 
less  a  mental  training  because  it  emphasizes  such  facts  as  mag- 
netic induction,  and  deals  with  the  characteristics  of  machines 
and  materials. 

The  writer  is  in  hearty  accord  with  Dr.  Kent  when  he  ad- 
vocates the  experimental  demonstration  of  the  fundamental 
facts  of  electrical  science  before  entering  into  any  theoretical 
or  mathematical  study.  The  fact  established  by  an  experi- 
ment attracts  and  interests  the  student,  his  mind  immediately 
demands  the  reasons  lying  back  of  the  fact  and  is  in  condition 
to  do  constructive  thinking  in  developing  those  reasons. 

The  writer  disagrees  most  emphatically  with  the  idea  that 
direct  (continuous)  and  alternating  currents  are  governed  by 
different  laws.  The  impedance  of  an  electric  circuit  contain- 
ing inductance  is  a  function  of  the  frequency  of  the  cur- 
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rent  flowing  in  the  circuit,  and  is  equal  to  the  resistance 
of  the  circuit  when  the  frequency  of  the  current  is  zero,  i.  e., 
when  the  current  is  direct  (continuous).  The  mathematical 
expression  representing  the  law  of  current  flow  in  an  electric 
circuit  is,  therefore,  independent  of  the  nature  of  the  current. 
It  is  the  writer's  opinion  that  fundamental  courses  in  elec- 
trical engineering  should  lay  great  stress  on  the  following 
physical  facts: 

1.  The  Law  of  the  Electric  Circuit,  which  is  applicable  to 
all  circuits  without  regard  to  the  nature  of  the  current. 

2.  The  Law  of  the  Magnetic  Circuit. 

3.  The  Law  of  ^Magnetic  Induction. 

4.  The  Law  of  Torque. 

A  thorough  understanding  of  these  four  laws  (which  are 
statements  of  experimental  facts)  will  enable  the  student  to 
comprehend  and  explain  the  actions  of  any  of  the  simpler 
forms  of  electrical  apparatus,  and  wiU  furnish  a  firm  founda- 
tion for  any  independent  investigations  that  he  may  under- 
take. 

Professor  Alex.  Gray  (by  letter) :  When,  at  the  beginning 
of  his  junior  year,  the  student  comes  to  the  department  of 
electrical  engineering,  he  knows  the  fundamental  principles 
of  electricity  and  magnetism,  but  he  does  not  know  how  to 
control  electric  currents  nor  is  he  at  all  sure  of  what  is  going 
to  happen  when  he  closes  a  switch.  His  laboratory  work  must 
therefore  begin  with  such  experiments  as  will  rapidly  give 
him  the  necessary  confidence  in  the  handling  and  controlling 
of  electric  circuits  and  machinery.  He  must  therefore  begin 
with  d.-c.  work,  otherwise  his  attention  will  be  distracted  and 
his  mind  bewildered  by  the  trick  effects  of  alternating  cur- 
rents. 

Since  the  class  work  is  intimately  tied  up  with  that  of  the 
laboratory,  it  also  should  begin  with  direct  currents  and  ma- 
chinery. 

It  has  been  suggested  that  direct  currents  are  alternating 
currents  of  zero  frequency  and  that  a.-c.  circuits  should  be 
taken  up  first  and  then  Ohm's  law  rediscovered  by  substi- 
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tuting  frequency  equal  to  zero  in  the  general  equation  of  the 
electrical  circuit.  The  fallacy  of  this  method  of  starting  elec- 
trical work  is  apparent  if  one  is  willing  to  accept  the  prin- 
ciple that  ideas  and  formulie  should  not  be  developed  before 
the  student  is  ready  to  make  use  of  them. 

Alternating-current  work  is  difficult  and  easily  forgotten,  so 
that  the  work  on  a.-e.  circuits  should  not  be  commenced  until 
the  student  is  ready  to  apply  the  ideas  developed  to  a  study  of 
a.-c.  apparatus.  I  take  it  of  course  that  no  teacher  has  the 
temerity  to  suggest  that  d.-c.  machines  are  special  types  of 
a.-c.  machines  and  should  therefore  not  be  studied  except  as 
special  cases. 

I  do  not  consider  it  advisable  however  to  leave  the  study 
of  a.-c.  circuits  and  machinery  for  the  senior  year.  The 
work  of  the  junior  year  should  cover  both  d.-c.  and  a.-e. 
apparatus,  the  course  being  similar  to  that  which  is  now  given 
to  mechanical  engineers,  fundamental  principles  being  em- 
phasized and  details  left  for  the  senior  design  classes.  The 
advantages  of  this  arrangement  of  the  work  are  that  the  stu- 
dent can  read  technical  literature  intelligently  during  the 
summer  months  and  during  the  whole  of  his  senior  year,  he 
can  understand  most  of  what  he  sees  of  the  electrical  work 
with  which  he  is  thrown  in  contact  and  he  can  study  intelli- 
gently such  professional  electives  as  are  given  during  the  first 
term  of  the  senior  year. 

The  following  are  suggested  as  the  basic  courses  around 
which  the  work  of  the  electrical  department  can  be  built. 

Junior  Year,  first  term.  Keview  of  the  fundamental  prin- 
ciples of  electricity  and  magnetism ;  also  a  study  of  d.-c.  ap- 
paratus, leaving  the  advanced  theory  of  commutation  for  the 
senior  design  class. 

Second  term.  Solution  of  a.-c.  circuits  by  vector  diagrams; 
also  a  study  of  the  elementary  theory  of  a.-c.  apparatus. 

This  work  can  readily  be  covered  in  one  lecture,  one  recita- 
tion, one  problem  period  and  one  laboratory  period  per  week. 

Senior  Year.  There  should  be  an  advanced  theoretical 
course  of  two  lectures,  two  recitations,  two  problem  periods 
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and  two  laboratory  periods  per  week  for  both  terms;  also  a 
design  class  of  one  lecture  and  one  problem  period  per  week. 
The  work  in  the  design  class  should  not  be  limited  to  the  de- 
sign of  a  single  d.-c.  generator,  but  should  take  up  d.-c.  ma- 
chines, alternators,  transformers  and  induction  motors  in  suf- 
ficient detail  to  show  the  principles  involved  and  above  all  to 
show  the  limitations  in  flux  and  current  density,  in  tem- 
perature rise  and  in  construction  that  the  designer  encounters 
and  which  fix  the  characteristics  of  the  machine. 

Professor  F.  C  Caldwell:  The  report  of  the  Committee  on 
Electrical  Engineering  deals  with  two  points :  first,  the  proper 
sequence  of  instruction  in  alternating  and  direct  currents; 
and  second,  the  relative  value  of  the  different  elements  in 
electrical  engineering  curricula  as  judged  by  men  who  have 
graduated  from  college. 

Taking  the  second  subject  first,  it  seems  to  me  that  very 
little  is  to  be  hoped  for  this  class  of  questionnaire.  Most  men 
who  have  been  out  of  college  a  few  years  are  little  given  to 
analyzing  the  advantages  gained  from  different  parts  of  their 
college  experience.  Again  each  man  naturally  looks  at  the 
problem  in  the  light  of  his  own  experience  since  leaving  col- 
lege, and  does  not  consider  the  wide  range  of  activities  for 
which  the  curriculum  must  be  designed  to  equip  those  who  go 
through  it.  Much  better  results  should  be  obtainable  by 
means  of  personal  interviews  with  graduates^  and  especially 
with  such  men  as  have  had  more  or  less  extended  experience 
in  the  use  of  graduates  in  varied  lines  of  work. 

With  regard  to  the  other  point,  as  to  the  proper  sequence 
of  the  study  of  direct  and  alternating  currents;  as  the  ques- 
tion is  stated  by  the  Committee,  it  seems  to  refer  to  whether 
the  direct  or  alternating  current  phenomena  should  be  first 
taken  up.  This  seems  like  setting  up  a  man  of  straw  to 
knock  him  down.  The  elementary  theory  of  direct  currents  is 
so  much  simpler  than  that  of  alternating  currents  that  discus- 
sion seems  of  questionable  value. 

When  it  comes,  however,  to  the  question  of  the  best  se- 
quence of  the  later  work — that  is,  as  to  whether  we  should 
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carry  the  subject  of  direct  currents  not  only  through  the  ele- 
mentary phenomena,  but  also  through  djTiamo  machinery 
before  taking  up  the  alternating  current  work,  or  whether  it 
is  better  after  studying  the  elementary  phenomena  of  cur- 
rent, resistance,  etc.,  to  then  take  up  alternating  currents  and 
carry  these  along  with  the  more  advanced  direct  current  ap- 
paratus, and  machinery  is  a  matter  which  might  very  properly 
be  discussed.  Good  results  have  been  obtained  in  both  ways. 
There  are,  however,  some  points  which  indicate  the  taking  up 
of  alternating  currents  early.  The  ideas  involved  are  com- 
plicated and  difficult  and  need  time  for  assimilation,  which 
may  thus  be  obtained. 

Also  the  too  marked  differentiation  of  alternating  current 
from  direct  current  phenomena  may  be  thus  avoided. 
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Committee  No.  18. 

BY  F.  W.  SPERR. 

The  Committee  on  Mining  Engineering  presents  the  ques- 
tionnaire as  published  on  pages  733-737  of  the  Bulletin  with 
the  object,  as  stated,  of  ascertaining  the  average  of  practice 
in  American  mining  schools,  of  giving  laboratory  instruction 
to  undergraduate  students.  The  Committee  believes  that  a 
knowledge  of  such  average  practice  will  be  beneficial  to  all 
those  who  are  engaged  in  teaching  mining  engineering,  and 
the  Committee  intends  to  use  it  as  a  basis  for  further  work  for 
the  benefit  of  the  members  of  the  Society. 

The  questions  are  numerous,  but  the  replies  may  be  short 
in  nearly  all  cases,  yes  or  no,  a  check  mark,  a  numeral  with 
two  figures  at  most,  and  a  little  more  being  required  for 
enumeration  of  apparatus. 

Discussion. 

H.  B.  Meller  (by  letter) :  I  have  gone  over  the  Question- 
naire very  carefully,  and  would  like  to  say  that  it  covers  th^i 
ground  thoroughly;  except  for  our  purposes  we  would  sug- 
gest the  addition  in  Table  4  of  boring  (as  distinguished  from 
drilling),  coal  mining  machinery,  haulage,  hoisting,  drain- 
age, and  ventilation,  in  all  of  which  laboratory  work  can  be 
given.  I  would  suggest  also  that  explosibility  of  coal  dust 
be  separated  from  mine  gases.  We  so  separate  them  in  our 
work.  A  division  indicating  to  what  extent  mining  opera- 
tions are  used  as  laboratory  would  be  useful;  also,  whether 
the  school  has  a  private  mine  or  tunnel,  and  to  what  extent  it 
is  used. 

Under  Division  /,  I  assume  the  Committee  means  work  ot 
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the  nature  of  our  cooperative  summer  requirements.  I  would 
suggest,  also,  that  a  di^dsion  be  added  for  inspection  of  mining 
operations,  and  another  showing  to  what  extent  drawings  and 
photographs  are  used  instead  of  actual  machinery.  It  is  quite 
likely  that  all  of  these  things  have  been  considered  by  the 
Committee,  and  that  those  they  deem  important  have  been 
covered  under  other  heads. 


REPORT  OF  COMMITTEE  ON  STATISTICS. 

Committee  No.  19. 
BY  PROFESSOE  A.  J.  WOOD. 

The  report  proper  consists  of  three  quite  independent  parts. 
The  first  part  has  to  do  with  the  presentation  of  statistics  on 
attendance  at  eng'iueering  schools. 

The  Bureau  of  Education,  Washington,  has  compiled  for 
use  of  the  Committee  on  Statistics,  attendance  records  for  125 
colleges  and  universities  teaching  engineering.  A  brief  sum- 
mary is  presented  in  the  following  table. 

Engineering  Students  in  American  Institutions. 


Division  of  Engineering. 

1914-'15. 

1909-' 10. 

1904-'05. 

General  engineering 

6,059 
2,383 
7,182 
6,637 
7,751 
1,922 
958 

7,096 

869 
7,889 
5,450 
6,377 
2,656 

1  893 

Chemical  engineering 

Civil  engineering 

759 
7,356 
5  204 

Electrical  engineering 

Mechanical  engineering 

6,654 

2,547 

172 

Mining  engineering 

Other  engineering 

Total 

32,843 

30,337 

24,585 

The  second  part  of  the  report  concerns  itself  with  subjects 
still  under  consideration,  principally  the  question  of  the  rela- 
tive scholastic  standing  of  students  from  technical  and  manual 
training  high  schools  compared  with  those  from  classical  and 
Latin  high  schools.  An  early  study  of  this  question  led  to 
caution.  As  an  example,  at  the  last  annual  meeting  citations 
were  made  by  our  Committee  from  a  report  sent  out  by  a  cer- 
tain Massachusetts  institution  of  high  standing  and  which 
pointed  to  the  general  conclusion  that  students  from  the  class- 
ical and  Latin  high  schools  showed  better  scholastic  records  in 
college  than  those  from  the  technical  and  manual  training 
high  schools.     On  investigation  of  the  high  schools  from  which 
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most  of  the  men  entered  this  school  of  technology  and  com- 
paring all  of  the  conditions  under  which  the  figures  were  ob- 
tained, it  was  found  unwise  and  unsafe  to  draw  a  sweeping 
conclusion  as  to  the  relative  value  of  the  two  kinds  of  train- 
ing. Local  conditions  may  nullify  the  force  of  figures  and 
the  use  of  statistics  alone  in  reaching  a  conclusion  becomes  a 
high  crime  and  a  misdemeanor. 

An  early  study  of  the  whole  question  made  it  evident  that 
unless  we  could  weigh  the  mental  qualifications  of  the  indi- 
vidual whose  scholastic  work  we  were  studying,  and  that  this 
be  done  in  hundreds  of  cases  covering  years  of  student  records. 
and  further  by  taking  these  records  from  different  parts  of 
the  country,  no  safe  and  sane  conclusion  can  be  drawn.  Sta- 
tistics now  in  the  hands  of  the  committee  give  an  almost 
equally  favorable  showing  for  the  advocates  on  both  sides  of 
the  question. 

The  third  part  of  the  report  is  concerned  with  statistical 
studies,  mainly  those  relating  to  scholarship  records.  The 
committee  finds  that  many  investigations  of  probable  value  to 
other  institutions  have  been  made  and  are  available  to  those 
wishing  to  avoid  the  duplication  of  statistical  work. 

On  December  15,  1915,  a  questionnaire  was  sent  to  fifty- 
five  representative  colleges  and  the  replies  from  forty-two,  as 
summarized  by  Professor  Hosmer,  are  presented  herewith. 
The  replies  indicate  that  nearly  all  of  the  forty-two  institu- 
tions have  under  way  or  have  completed  studies  relating  to 
student  scholarship  or  are  making  special  statistical  studies. 
It  is  urged  that  the  summary  here  presented  be  examined  witli 
care  by  those  who  desire  to  obtain  information  along  the  lines 
indicated. 

F.  A.  Fish. 

G.  L.  Hosmer, 
J.  D.  Phillips, 
A.  J.  ^VooD, 

Chairman. 
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REPORT  OF  COMMITTEE  ON  STANDARDIZATION 
OF  TECHNICAL  NOMENCLATURE.* 

Committee  Xo.  20. 
BY  J.  T.  FAIG. 

About  eighteen  montlis  ago  your  Committee  on  Technical 
Nomenclature  compiled  reports  of  the  various  national  socie- 
ties— ^the  American  Society  of  Mechanical  Engineers,  the 
American  Society  of  Civil  Engineers,  the  American  Institute 
of  Electrical  Engineers,  and  so  on — into  one  report,  which 
was  presented  a  year  ago  as  a  report  of  progress.  That  report 
was  mimeographed  and  sent  to  about  one  hundred  engineers, 
teachers,  writers,  and  publishers.  Criticisms  and  suggestions 
were  received  from  quite  a  number  of  them,  and  these  were 
compiled  in  the  following  manner:  A  card  was  assigned  to 
each  word,  and  all  criticisms  relating  to  that  word  were  put 
on  the  card.  All  the  criticisms  of  each  word  were  in  one 
place,  and  could  be  easily  studied.  The  differences  of  opinion 
shown  by  the  data  were  amazing.  The  following  examples 
show  typical  instances. 

The  word  "clutch-coupling"  appeared  in  the  list  with  a 
h3>T)hen.  The  word  "clutch  pulley"  appeared  without  a 
hyphen.  "We  received  many  suggestions  that  the  term 
"clutch-coupling"  should  have  the  hyphen  removed,  and 
many  suggestions  that  the  term  "clutch  pulley"  should  have 
the  hyphen  inserted.  "Cut-off"  was  sent  to  us  spelled  in 
three  different  ways.  "We  could  find  no  real  concensus  of 
opinion  as  to  the  hj-phenating  of  "high-priced."  Eeally,  you 
cannot  imagine  the  utter  chaos  which  exists  unless  you  will 
go  through  the  evidence  that  is  shown  on  the  cards  that  I  have 
here.  Chaos  is  the  only  word  to  describe  the  condition  of  the 
data ;  it  seemed  almost  structureless.  So  the  rules  formulated 
by  the  Committee  in  an  attempt  to  show  the  tendency  of 

•  See  also  Engineering  Education,  June,  1916,  p.  738. 
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technical  nomenclature,  which  appear  on  page  243,  are  sug- 
gested in  fear  and  trembling.  I  will  read  the  paragraph  pre- 
ceding these  rules^  so  that  you  will  understand  that  thej^  repre- 
sent merely  our  effort  to  express  general  tendencies. 

"The  following  rules  represent  an  effort  to  express  the 
general  tendency  shown  in  the  criticisms  of  the  preliminary 
report  of  1915.  It  must  be  borne  in  mind  that  the  differences 
of  opinion  shown  by  the  cards  preclude  the  possibility  of 
formulating  any  set  of  iiiles  that  will  secure  universal  ap- 
proval. The  rules  allow  sufficient  latitude  to  harmonize  exist- 
ing differences  until  entire  confonnance  with  them,  or  some 
other  set  of  rules,  is  secured." 

You  will  observe  that  the  rules  relate  principally  to  the 
use  of  the  hj^phen.  There  is  a  reaction  against  the  use  of  the 
hyphen  in  technical  nomenclature.  That  stands  out,  unques- 
tionably. I  have  the  evidence  of  it  here.  (Showing  cards 
and  letters.) 

Please  do  not  understand  that  the  Committee  is  suggesting 
its  own  rules.  The  Committee  is  trying  to  present  what  ap- 
peal's to  be  the  trend  or  tendency  to  you.  My  purpose  this 
morning  is  to  find  whether  the  rules  suggested  agree  with 
your  views  or  not. 

On  page  2-14  we  have  a  list  of  words  which  the  Committee 
presents  as  approved  by  them.  I  wish  to  call  your  atten- 
tion particularly  to  the  fact  that  the  second  list,  beginning  on 
page  249.  is  not  approved  by  the  Committee.  This  does  not 
mean  that  it  is  disapproved  by  the  Committee.  It  means 
that  we  have  gathered  these  words  from  everywhere.  Tlie 
figiire  at  the  end  of  the  line  indicates  the  place  the  word  came 
from.  We  offer  both  lists  for  suggestions  and  criticisms. 
Later  on  you  will  be  asked  to  send  criticisms  of  these  words 
to  the  membere  of  the  Committee.  If  you  approve  of  them, 
say  so;  if  you  do  not,  say  so.  The  idea  of  the  Committee  is 
simply  to  find  out  the  one  best  way  to  spell,  to  abbreviate,  or 
to  hyphenate,  a  word.  I  hope  I  have  presented  the  matter 
in  such  a  way  that  those  who  are  interested  in  it  may  under- 
stand how  the  data  were  obtained. 
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I  will  say  that  of  the  three  rules  on  page  243,  I  think  the 
third  is  probably  open  to  some  question.  Please  understand 
that  when  we  state  the  tendency  of  technical  writers,  we  do 
not  mean  to  say  that  the  majority  are  for  that  thing.  We 
simply  record  that  the  responses  indicate  tendencies  along 
certain  lines.  The  purpose  of  the  discussion  on  this  report 
is  to  find  out  the  strength  of  these  tendencies. 

It  is  easy  to  formulate  a  report.  It  will  be  extremely  diffi- 
cult to  secure  the  acceptance  of  any  report  on  technical  nomen- 
clature. The  best  way  to  get  a  man  to  accept  it  is  to  get 
him  to  help  you  with  it.  That  disarms  him  almost  at  once. 
Furthermore,  when  he  finds  you  are  willing  to  take  him  into 
your  confidence,  he  makes  up  his  mind  that  you  are  not  trying 
to  put  something  over  on  him.  The  publishers  of  the  country, 
editors,  and  secretaries  of  societies  have  shown  a  fine  spirit  of 
cooperation.  I  suggest,  Mr.  President,  that  our  Society  re- 
quest that  the  national  engineering  societies  each  select  two 
men  to  cooperate  with  the  Committee  of  this  Society  on 
technical  nomenclature,  in  an  effort  to  get  acceptance  among 
technical  men,  of  standard  forms  for  the  spelling,  hyphenat- 
ing, and  abbreviating  of  disputed  technical  terms. 

Rules  for  Compound  Technical  Terms. 

1.  Omit  hyphens  with  compound  nouns.     Example,  railroad. 

Exceptions : 

(a)  When  a  compound  noun  is  composed  of  two  or 
more  words,  each  of  which  is  a  distinct  engi- 
neering unit.     (As  kiloivatt-Jiour,   ton-mile.) 

(&)  When  a  term  that  should  be  written  as  one 
word  cannot  be  so  written  because  of  the 
awkward  appearance  it  would  present.  (As 
straightedge.) 

2.  Do  not  write  a  compound  noun  as  one  word  unless  it  is  so 

given    generally    in    dictionaries.      Example, 
boiler  room. 
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Exceptions : 

(a)  When  the  term  is  a  scientific  unit.     (As  candle- 
power,  horsepower.) 
*3.  Omit  hyphens  with  adjective  compounds,  except  when  the 
meaning   is   not   clear   without    the   hyphen. 
Exceptions  usually  fall  under  two  heads. 
(a)   Where  ellipsis  occurs.     (As  first-class.) 
(&)  Where  the  adjectives  separately  fail  to  convey 
the  correct  meaning.     (As  water-tuhe  boiler.) 
The  following  words  are  approved  by  the  Committee  as  to 
spelling,  hyphenating,  and  abbreviations.     It  is  recommended 
that  the  forms  shown  be  adopted  for  all  publications  of  the 
Society  and  that  members  be  urged  to  use  them  in  their  notes, 
articles,  and  books. 

These  Words  Are  Approved  bt  the  Committee. 

air  compressor    ■* 

alloy  steel    1 

adjustable-speed  motors (adjustable-speed  as  adjective) . .  9 

alternating   current spell   out    (a.c.   when   used   as   a 

compound  adjective)    8 

ammeter    9 

amperes amp.,  or  spell  out  

asphaltic  contents 10 

bevel  gear 4 

blister  bar    1 

boiler  horsepower boiler  hp 

boiler  room 4 

.brake  horsepower b.  hp 

British  thermal  unit B.t.u 3 

Brown  and  Sharpe  gage B.  &  S.  gage  

candlepower cp 

*  "  By  action  of  the  Society  at  the  annual  meeting  in  June,  1916,  this 
rule  was  changed  to  the  following: 

"3.  Use  hyphens  with  all  adjective  compounds.  Example,  water-tuhe 
boiler.  This  necessitates  changing  to  coke-oven  tar,  count er-clockwise 
convention,  high-pressure  cylinder,  hot-water  heating  system,  the  corre- 
sponding forms  shown  in  the  approved  list. 
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These  words  are  approved  by  the  Committee : 

carbon  steel as  noun   1 

cast  steel as  noun  or  adjective   4 

cast  iron as  noun  or  adjective   1,  4 

cement  bar 1 

Celsius   C 3 

centimeters cm 8 

circular  mils cir.  mils  (cm.  in  tabular  matter) . .   8 

clutch  coupling  

clutch  pulley   7 

coal  tar as  noun  10 

coke-oven  tar    10 

compound  gears   2 

cone  gear   2 

connecting  rod    4 

constant-speed  direct-current  motors   

constant-potential  transformers   9 

constant-speed  motors (constant  speed  as  adj.)  9 

continuous  current as  noun   9 

converted  bar   1 

counter-clockwise  convention 

counter-electromotive  force counter  e.m.f 8 

crank  pin   4 

crank  shaft   4 

cubic cu 8,  3. 

cut-off    4,  7. 

diameter spell  out   8 

direct  current spell    out    (d.c.    when    used    as 

compound  adjective)  8 

drafting  room  4 

electric  horsepower e.  hp 

electromotive  force e.m.f 8,  3 

engine  room  4 

equivalent  sine  wave   9 

face  gear   2 

Fahrenheit F 

f erro  alloys   1 

feet ft 8,  3 

figure Fig 3 

fire  tube as  noun    4 

flywheel    7 

follower   guide    2 

follow  rest  2 

foot-pounds ft-lb 8,  3 
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These  words  are  approved  by  the  Committee : 

gallons gal 3,  8 

gas  engine   4 

gas  producer   4 

gas  regulator  4 

gas  turbine 4 

gear  guards  2 

grains gr 3,  8 

gram-calories g-cal 

grams g 8 

gray  cast  iron  1 

headstock    2 

high-duty as  adjective  4 

high-pressure  cylinder spell  out  3 

high-priced    4 

high-speed    4 

horsepower hp 

horsepower-hours    

hot- water  heating  system 4 

hot  well    

hours hr 8 

inches in 8,  3 

index  plate    2 

indicated  horsepower i.  hp 

induction  generator   9 

induction  motor   9 

ingot  iron  1 

ingot  steel   1 

iron  castings   1 

kilogram kg 8 

kilogram-meters kg-m.   8 

kilometers km 8 

kilovolts kv 8 

kilovolt-amperes kv-a 

kilowatts kw 3 

kilowatt-hours kw-hr 

lathe  bed    2 

latent  heat  4 

linear lin 3 

liquid  asphalt do  not  use   10 

live-center    7 

load  factor  9 

low-duty as  adjective 4 

machine  shop 4 
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These  words  are  approved  by  tlie  Committee : 

magnetomotive  force m.m.f 3,  8 

malleable  cast  iron   1 

mean  effective  pressure m.e.p.  in  tabular  matter 3 

meters m 8 

meter-kilograms m-kg 8 

microfarad spell  out    8 

miles mi 8 

miles  per  hour  per  second mi.  per  hr.  per  sec 8 

milligrams mg ; 8 

millimeters mm 8 

minutes min 3,  8 

mixer   metal    1 

motor  generator    9 

mottled  cast  iron  1 

multiple  cylinder   4 

multispeed  motors   9 

non-inductive  load  and  inductive  load  9 

ohms spell  out    8 

oscillating  current   9 

passenger  car   4 

per spell  out 8,  3 

per  cent spell  out  (%  in  tabular  matter) . .   3 

percentage per  cent  ( %  in  tabular  matter) . .   8 

per  cent  drop  9 

phase  difference   9 

pig  iron 1 

piston   rod    4 

plant  factor  9 

plated  bar    1 

pounds lb 8,  3 

power  factor   9 

power  plant   4 

printing  press   4 

railroad  car   4 

revolutions  per  minute rev.  per  min.    (r.p.m.  in  tabular 

matter)    8 

rod  mill    4 

rolling  mill  4 

second sec 3 

semi-steel    

shear  steel  1 

short-circuit  stresses   9 

sine  wave  9 
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These  words  are  approved  by  the  Committee : 

specific  heat    * 

spindle  feed  gears   2 

spur  gear   4 

square sq.   8,3 

stay  bolt  4 

steam  heating  or  heat - 4 

steam  piping  or  pipe  4 

step   bearing    ....^i 4 

steam   boiler    4 

steam  j  acket   4 

steam  power  plant   4 

steam  turbine   4 

street  car   4 

street    railway    4 

stud  gear   2 

ton-mile spell  out  8 

tons spell  out   8 

tool  block  2 

tool   post 

unipolar  machines    9 

United  States  gallon U.  S.  gaL 3 

valve    gear    4 

varying-speed  motors    9 

volt-amperes speU  out  8,  9 

volts speU  out  3,  8 

water   meter    4 

water  power  4 

waterworks   

watt-hours watt-hr 

watt-hour    meter    .* 9 

watts spell  out  3,  9 

watts  per  candlepower watts  per  cp 

white  cast  iron   1 

wood  block  pavement  10 

worm  gear    4 

wrought  iron 4,  1 

yards yd.   8,  3 

yield  point  4 

Miscellaneous  Forms. 

3  in.  by  6  in 7 

3   in.   long    7 
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These  "svords  are  approved  by  the  Committee: 

3-in.  valve S-in.  as  adjective    7 

one  twenty-fifth   7 

three  sixteenths   7 

three  hundred  twenty-two  7 

twelve-inch    main    7 

1.  From  the  report  of  committee  24,  on  uniform  nomenclature  of  iron 

and  steel,  International  Association  of  Testing  Materials,  Eighth 
Congress,  New  York,  1913.     (Xot  accepted.) 

2.  Preferred  names  for  lathe  parts  as  determined  by  a  ballot  of  build- 

ers of  lathes.     See  American  Ma-cMnist.  April  24,  1913. 

3.  From  the  report  of  a  committee  to  co-operate  in  standardizing  ab- 

breviations, symbols,  punctuation,  etc.,  in  technical  papers.  Fro- 
ceedings  of  the  American  Society  of  CivU  Engineers,  April,  1904 
(Volume  XXX,  No.  4),  pp.  174r-177. 

4.  Taken  from  an  old  style  sheet  of  the  American  Society  of  Mechan- 

ical  Engineers. 

5.  From  C.  B.  Going,  editor,  The  Engineering  Magazine. 

6.  Suggested  by  Mr.  D.  M.  Wright. 

7.  From  a  list  prepared  by  W.  P.  Cutter,  librarian  of  the  Engineering 

Societies.     29  W.  39th  Street,  New  York. 

8.  A.  I.  E.  E.  standard  abbreviations  and  notation,  edition  of  Febru- 

ary, 1913. 

9.  From  Standardization  Eules  of  the  American  Institute  of  Electrical 

Engineers.     Edition  of  December  1.  1914. 
10.  Suggested  by  Mr.  TV.  W.  Crosby. 

The  following  list  of  words  has  been  compiled  from  various 
sources,  many  of  which  are  indicated.  These  are  to  be  con- 
sidered by  the  Committee  and  such  of  them  as  are  deemed 
worthy  will  be  placed  upon  the  approved  list  in  later  reports. 
"Words  marked  *  appeared  in  the  preliminary  report  of  1915, 
but  have  not  yet  been  placed  on  the  approved  list. 

These  "Words  Have  Not  Been  Appboved  by  the  Committee.     Thet 
Are    GrvEX    for    Criticism    and    Suggestions. 

aboveboard    H 

absolute abs 14 

acid-proof  H 

airbound    H 

air  chamber  13 

airdrlven  H 

air  pump    23 
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These  words  have  not  been  approved  bv  the  Committee: 

airship    12 

alcoholimeter 11 

alcoholmeter    11 

aline not  align  11 

all-around   11 

allbone    11 

all-possessed    11 

all  right not  alright    1^ 

allspice    11 

aluminum    11 

amidships    11 

American  Iron  and  Steel  Institute.  .Am.  Iron  &  Steel  Inst 14 

amperemeter    11 

amperemeter    11 

American  Railway  Engineering  Association  

Am.  Ey.  Eng.  Assn 14 

anchor-hold    11 

antilogarithm  of antilog 14 

approximate approx 14 

arc  lamp  13 

armor-bearer   11 

armor-clad    11 

armor-plated    11 

around not  round   11 

arrowbeam    11 

asked-f or  opinion   11 

American  Society  of  Mechanical  Engineers.  . .  .  A.S.M.E 14 

atmospheres atm.,  atmos 14 

auxiliary aux 14 

average avg 14 

avoirdupois avoir 14 

ax not  axe  11 

Babbitt  metal not  Babbit  metal  11 

backfire     13 

back-gear  handle*    2 

backlash    12 

back-rest  ' 12 

back-shaft    12 

balance  wheel   13 

ball-and-socket  joint   18 

baU  bearing  13 

ball-peen  12 

barometer bar 14 
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These  words  have  not  been  approved  by  the  Committee : 

base-burner    11 

baseplate    12 

bathroom    11 

bathtub   11 

battleship    11 

Baume not  Beaume 11 

barrels bbl 14 

Baume  (degrees) Be 14 

bedplate    15 

bedrock   15 

bellcrank    12 

bell-mouthed    12 

belt  drive  12 

benzin not  benzine    11 

beveled not  bevelled  11 

Birmingham  gage B.  G 14 

bib  cock   21 

Birmingham Birm 14 

blacksmith    21 

blacksmithing    12 

blast   furnace    23 

blank-holder    2^ 

blow-hole    22 

blowoff    25 

blow-off     21 

blow-out    21 

blowpipe   22 

blue  print*  4 

boathouse    21 

boilermaker    22 

boilersmith    21 

bonus    26 

bookbinder   2i 

boring-bar    22 

boring  machine*  g 

box-tool    22 

brakeshoe    25 

brasswork    25 

brickbat    2i 

brickkiln    2i 

bricklaying    21 

brickmaker    2i 

^riq,Met not  briquette   11 
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These  words  have  not  been  approved  bv  the  Committee: 

briqueted    ^^ 

briquetiug    H 

bromid    - 11 

bromin    H 

bushels bu 14 

bucketful    13 

built-up   11 

bulb-t«e     > 11 

bulkliead     13 

Bulletin Bull 14 

Bunsen  burner   11 

bur not  burr 11 

burden     16 

burnt  alum  11 

busbar   13 

Birmingham  wire  gage B.  W.  G 14 

center  to  center c.  to  c 14 

cubic  centimeter c.  c 11 

cabinetmaker     11 

calories cal 14 

camshaft    15 

cam-shaft    12 

can  not   11 

canoewood    11 

cantaliver not  cantilever  11 

capscrew   15 

cap-screw    12 

carbid not  carbide  11 

carbureter not  carburetter 11 

carbureting    11 

cardboard    11 

carload    11 

carman    11 

carriage-way*    10 

caseharden    12i 

cast-weld    11 

catalogue not  catalog  12 

C-clamp   12 

center not  centre  11 

centerbit  11 

center-fire   11 

centerline    17 
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These  "words  have  not  been  approved  by  the  Committee: 

center  line   12 

center-rest    12 

cesspool    11 

centrifugal  force C.F 14 

cubic  feet  per  minute c.  f.  m 14 

center  of  gravity 0.  G 14 

centimeter-gram-second c.  g.  s 14 

chainsmith    11 

change-gear  box*   2 

chauffeur    11 

cheap-john    11 

check-nut    12 

checkwork    11 

cherry-wood    11 

cheval-vapeur    11 

chlorid     11 

chlorin 11 

cast  iron C.I 14 

classman    11 

clay-working    machinery*    6 

clevis 11 

cloakroom    11 

clockwise    11 

clockwork    11 

coal  dust 13 

coefficient coeff 14 

cogwheel   11 

column(s) col 14 

cold-drawn    11 

cold-rolled    13 

cologarithm  of colog 14 

compound comp 14 

concentrated cone 14 

condensing cond 14 

condensable    11 

conductible    11 

connectible    11 

control    16 

controllable    11 

conveyer  not  conveyor  11 

cone-shape    12 

constant const 14 

cooperate not  co-operate 11 

IS 
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These  words  have  not  been  approved  by  the  Committee: 

copper-zinc     18 

corkscrew    11 

cosine  of cos    14 

arc  whose  cosine  is cos-i  14 

anticosine  of cos-i 14 

inverse  cosine  of cos-i  14 

cosecant  of cosec 14 

inverse  hyperbolic  cosine  of cosh-i  14 

cost-keeping    13 

cost   reduction    13 

cotangent  of cot    14 

Cottonwood    11 

counterbalance    12 

counterbore    12 

counter-revolution    11 

countershaft    17 

coversed  sine  of covers    14 

craneman    11 

cribwork   13 

crossbar 11 

crossbeam     11 

crosshead    12 

cross-peen    12 

cross-rail    12 

cross-section    12 

crosswise not   crossways    11 

cup-wheel    lU 

cutter-head    12 

cutter-spindle    12 

cyanid not  cyanide 11 

cylinder cyl 14 

deckle-edged    11 

degrees deg 14 

definition(s) def 14 

diagrammatic not  diagramatic   11 

die-bed    12 

die-head    12 

die-holder    12 

dieing  machine*   6 

diemaker    12 

diesinker    H 

difference dift 11 

dimension  line 17 
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These  Tvords  have  not  been  approved  by  the  Committee: 

direct-connected  engine*    7 

direct-current  compensator*    9 

direct-current  generator*   7 

disk not   disc    11 

dispatching    16 

distance dist 14 

distributed dist 14 

distributer not   distributor    11 

double-shear  steel*    1 

double  track    13 

dovetail    10 

downdraft    17 

downward not  downwards 11 

draft    11 

drafting  board   13 

draftsman    H 

dragbar    H 

drag-saw    H 

dram not  drachm  11 

drawbar    H 

drawing-room use  drafting  room  11 

drier not   dryer    11 

drilling   machine*    6 

drivebolt    H 

driveshaft     u 

drop-forging    12 

drop-of-potential    j3 

drop-press*     4 

dry-clean 21 

dry-grind    12 

dust  guard   23 

dustproof    22 

eagle-sighted    21 

effective  horsepower 

eflaciency eflfy 14 

elastic  limit E.  L 14 

electric elec 14 

electro-engrave    12 

electro-etching    21 

electrolysis   21 

electroljrte    21 

electromagnet    22 

electroplate    22 
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These  words  have  not  been  approved  bv  the  Committee: 

eU    12 

embedded not  imbedded 11 

emery  wheel       12 

E.  M.  F not  e.m.f ,  or  E.M.F.  's 11 

employee  H 

end-mill     12 

end  thrust    13 

end-thrust    12 

endwise not   endways    11 


.13 


engineman    

escapement  wheel  13 

evaporation evap 14 

everyday  12 

everyone    12 

exempli  gratia e.  g 11 

exhibitor    11 

exponential  function  of exp 14 

extension  line   17 

exterior  secant  of exsec    14 

eye-bar*    4 

eyebeam    11 

eyebolt    11 

eyeleted    11 

eyepiece    11 

fabrikoid    11 

face-arbor    11 

face-harden    11 

faceplate*     2 

falsework    13 

farther    (distance)     11 

feed    16 

feed-box    12 

feed-gear  segment*    2 

feed-rod   gear*    2 

feed-shaft    12 

fiber not  fibre   12 

finish-grind 12 

finish-turn    12 

fireback    11 

firebox    12 

firebrick    12 

fireclay    12 

fireproof    12 
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These  words  have  not  been  approved  by  the  Committee: 

fivefold    11 

five-leaf    11 

flareback    11 

flashlight 13 

fluework    11 

free  on  board F.  O.  B 14 

fool-proof    12 

footbridge    11 

footgear    11 

footnote    11 

foot-pound-second    11 

footway*    10 

foreman    13 

former  pin   12 

framework    11 

freeboard    11 

freehand    17 

freezing  point  13 

fretwork   11 

friction  clutch  13 

frustum not  f rustrum 11 

factor  of  safety F,  S 14 

gangway    13 

gas-fired    11 

gas-house  coal  tar*   10 

gasify not  gasefy    11 

gaslight    11 

gate  valve   13 

generator  room  13 

glassmaker    11 

go-between  11 

gooseneck   12 

gray  11 

gridiron    11 

grinding  machine*   6 

guncotton    12 

hacksaw    12 

half-hourly    11 

half-nut    12 

half-round    Ml 

halftone    12 

hallway    11 
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These  v\ords  have  not  been  approved  bv  the  Committee: 

hammer-head*    4 

hammer- wrought    11 

hand-book     12 

handhole    12 

handmade     12 

handwheel    12 

handwork    11 

hand-wrought    11 

hard-drawn    11 

headway    11 

heat-treatment    12 

heavy-duty    13 

herringbone    11 

high-potential    13 

highroad   11 

high-speed-tool  steel    18 

highway    11 

hit-arid-miss    11 

hogback    11 

hogchain   11 

home-made    13 

house-boat    11 

hypotenuse   not   hypothenuse    11 

hysteresis    11 

I-beam  19 

ibidem ib.,   ibid 11 

idem id 11 

igniter   11 

ignitible    11 

imperial imp 14 

incasing not   encasing    11 

inch-pounds in-lb 14 

inclosing not  enclosing  11 

inclusive inc 14 

indelible    H 

india  rubber    11 

Indian  Engineering  Society Ind.  Eng.  See 14 

inflater    11 

infold not  enfold  11 

input    13 

insanitary   11 

installing    11 

instalment    11 
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These  words  have  not  been  approved  by  the  Committee: 
Institution  of  Mechanical  Engineers.  .Inst.  M.  E 1^ 


,13 


intake    

intermediate  gear*  2 

intermediate-gear  segment*  - 

intermediate-gear  stud*    - 

Intermediate-pressure i-p 1"^ 

internal-combustion    H 

International  Congress  of  Applied  Chemistry   

Int.  Cong.  Appl.  Chem.  li 

International  Society  for  Testing  Materials  

Int.  Soc.  Test.  Mat 14 

inverse  hyperbolic  sine  of sinh-i  li 

ironclad    H 

iron-mold    ^^ 

11 


ironmonger  

iron-ship  builder  11 

ironwork  H 

ironworker    H 

isothermal isoth 1-t 

jackshaft    1^ 

jack-screw    1^ 

jam  nut H 

jerry-built 11 

j  oumeyman    H 

keyseat    12 

keyway    12 

kick-out    11 

kiln-dry     H 

kilos 11 

landmark    11 

lathe-bore    11 

latticework    11 

lay-by    11 

lay-over    11 

layshaft    l' 

leadscrew  gear*   2 

leather-working  machinery*  6 

leeway    - 11 

left-hand  12 

letter-perfect    11 

levelman    11 

lighted not  lit    11 

limit lim li 
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These  words  have  not  been  approved  by  the  Committee: 

limekiln    11 

limewater   11 

line-drop  voltmeter  compensator 9 

lineshaft    12 

link-block    12 

liquefy not  liquif v 11 

liter not  litre  11 

loco  citato  (in  the  place  cited) . . .  loc.  cit 11 

locomotive loco 14 

locomotive  engineer  13 

logarithm log 14 

long-distance    11 

looker-on  11 

lopsided    11 

low-pressure*   4 

low-priced*     4 

low-speed*    4 

lower  feed-cone*  2 

lukewarm    11 

L  (ell)   19 

machinable   11 

machine-made    11 

machine  rate   16 

magnetos    11 

make-and-break  ignition 13 

make-ready* 4 

make-up*    4 

management " 16 

mandrel 14 

manhole    12 

master  plate  12 

masterpiece    11 

matter-of-fact    11 

maximum max 14 

mean  horizontal  candlepower m.h.cp 

mean  lower  hemispherical  candlepower.  .m.l.h.cp 

mean  spherical  candlepower m.s.cp 

metal  drilling  tools*   6 

metal  grinding  tools*   6 

metal  turning  tools* 6 

metal-working  machines*  6 

millboard 11 

miUdam  11 
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These  words  have  not  been  approved  by  the  Committee: 

millwright    ■ 11 

miscellaneous misc 14 

misfire   •. 11 

miter-box    12 

modulus  of  elasticity  in  tension. . .  E 14 

mold not  mould  11 

moldboard   11 

motor  car  '. 13 

motorcyclist   11 

motor-driven  11 

mud   drum    13 

multi-phase 12 

muzzle-loader  11 

naphtha not   naptha    11 

Napierian  logarithm  of loge 14 

natural nat 14 

National  District  Heating  Association   

Nat.  Dist.  Htg.  Assn 14 

network  13 

nickel not  nickle    11 

nickel-plated    13 

nom-de-plume    12 

northeast 12 

number N  (math,  tables)   14 

oftentimes    12 

oil-bath   12 

oil  groove  13 

oilstone   , 12 

O.K.,  O.K'd,   O.K.ing   11 

one-half  12 

opere  citato  (works  cited) op.  cit 11 

orebody   15 

organization    16 

ounces oz 14 

outside  diameter O.  D 14 

over-all    12 

overflow   13 

overhead  16 

oxid not   oxide    11 

pack-harden   12 

passageway 13 

patternmaker  12 

peak  load  13 
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These  words  have  not  been  approved  bv  the  Committee: 

penstock    .■ 13 

perpendicular perp 14 

phone  •• 11 

phosphor-bronze    12 

pincers not  pinchers   11 

pipe  tongs 13 

pipe  wrencli  13 

pitman  rods  H 

pitmen not  pitmens  11 

planning  division 16 

plow not  plough  11 

pocketbook  12 

point pt 14 

polyphase    12 

porcelain  11 

premium    16 

pressure  gage 13 

prick-punch   12 

Proceedings Proc 14 

program    11 

pump  room 13 

punch-holder    12 

puppet  valve not  poppet  valve 11 

push-rod    12 

quarts q.t 14 

quod  vide  (for  which  see) q.  v 11 

rack-cutter   12 

radius rad.    14 

railway-accident    13 

rainfall    13 

rarefy not  ratify  11 

rawhide    12 

rectangular rect 14 

reenforced (again  put  into  effect)   11 

reengage not  re-engage   11 

reeve not  reave 11 

reexhaust  11 

reinforced construction  work 11 

resin    11 

right-hand    12 

rosin    11 

rough-grind   12 

rough-turn    12 
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These  words  have  not  been  approved  by  the  Committee: 

roundhouse   12 

routing    16 

safety  valve 13 

sandblast    12 

sandpaper  13 

saturated sat 14 

sawed not  sawn    11 

sawing  machine* not  saw   6 

sawtooth   12 

scheduling   16 

scrap-book 12 

screwdriven    12 

sea-island  cotton  11 

secant  of sec   14 

hyperbolic  secant  of sech 14 

inverse  hyperbolic  secant  of sech-i     14 

second- feet sec.-f t 11 

segment segm 14 

selvege not   selvedge    11 

set-up    12 

sewage (matter)     11 

sewerage (structure)    11 

shaping  machine*  6 

sheave not  shieve    11 

sheet  iron 13 

shellac   ' 11 

shellacked 11 

shipbuilding  ^ 12 

shunt-wound    13 

shut-down*    7 

sine  of sin    ' 14 

hyperbolic  sine  of sinh    14 

single-hearth*    4 

single-phase*    9 

single-shear  steel* 1 

siphon not  syphon    11 

six-cylinder   13 

skee not  ski  11 

skilful    .' 11 

slaked not  slacked  11 

slide-rest   12 

slide-rule   12 
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These  words  have  not  been  approved  by  the  Committee: 

slotting  machine*  6 

smokebox    12 

smolder not  smoulder   11 

Society  of  Automobile  Engineers . .  S.  A.  E 14 

someone    12 

specific  gravity sp.  gr 11 

speed-box    12 

spillway    13 

spindle  thrust-bearing*  2 

standard std 14 

Standard  (British)  wire  gage S.W.G 14 

standpipe    13 

steadjnrest  12 

steam  chest   13 

steamship    ; 12 

stempost  12 

stockholder    13 

stone-working  machinery*   6 

stop-gage    12 

stop-screw  12 

store  room  13 

store-room 12 

stove-lid    12 

stutfing-box    12 

sulfur    11 

sulfureted    11 

sulfureting   11 

superheater 12 

surface  elevation   13 

switchboard    12 

swivel-plate    12 

system 16 

tail  race 15 

tailstock  base*  2 

tailstock  body*   2 

take-up*    7 

tangent  of tan 14 

arc  whose  tangent  is tan-i    14 

hyperbolic  tangent  of tanh    14 

temperature temp 14 

templet not  template   11 

tensile  strength T.  S 14 

three-phase*    9 
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These  words  have  not  been  approved  by  the  Committee: 

three-ply   13 

thrust-bearing  check  nuts* 2 

thumb-screw    12 

thumb-tack 12 

tidewater 13 

time  element  16 

time  study  16 

tool-dresser    12 

tool-holder    12 

toolmaker   12 

tool-rest    12 

tool-room  13 

T-rail    19 

Transactions Trans 14 

triple-expansion*    4 

T-slot    12 

tubesheet   12 

tumbler-gear  latch*   2 

tumbler-gear  segment*   2 

turning  machine*   6 

turntable    12 

two-by-six  rafters 13 

two-cycle    13 

two-phase 12 

twyer not  tuyere  11 

tjring not  tieing 11 

typewriter 

typist    

ultimate ult 14 

unaflow    

una-flow   

under-cut    12 

uni-directional-flow   

uniflow   

uni-flow  

United  States  Standard U.S.S 14 

updraft    17 

vaseline 11 

velocity vel 14 

Venturi  tube  11 

versed  sine  of vers   14 

versus v 11 

versus vs 14 
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These  words  have  not  been  approved  by  the  Committee: 

vertical vert W 

very -slow-speed  motor  18 

videlicet viz 11 

vise   11 

vitreous    11 

vitrify not  vitrefy  11 

voltmeter*    9 

volume voL   14 

volumetric volum.    14 

wash-room    12 

water-j  acketed    13 

waterproof    12 

watershed    13 

water  wheel  15 

wedge-shaped    13 

weight wt 14 

wheel  base   15 

wheel-base    12 

wheel-spindle   12 

windmill    12 

wire-drawing    13 

wood-working  machines* 6 

wool-working  machinery*  6 

wood-worker   12 

work-bench     12 

work-shop   12 

work-spindle    12 

work-table    12 

worm-gear    12 

worm-wheel    12 

wrist  plate   15 

wrought wr 't   14 

wrought  iron W.   1 14 

X  ray   11 

year(s) yr 14 

Miscellaneous. 

%-inch  pipe  11 

ten  10-horsepower  cars 11 

12-inch  main   11 

14   inches*    3 

16-candlepower    13 

35-candlepower  lamp   11 
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75-horsepower  engine    11 

1.  From  the  report  of  committee  24,  on  imiform  nomenclature  of  iron 

and  steel,  International  Association  of  Testing  Materials,  Eighth 
Congress,  Xew  York,  1913.     (Xot  accepted.) 

2.  Preferred  names  for  lathe  parts  as  determined  by  a  ballot  of  build- 

ers of  lathes.     See  American  Machinist,  April  24.  1913. 

3.  From  the  report  of  a  committee  to  co-operate  in  standardizing  ab- 

breviations, symbols,  punctuation,  etc.,  in  technical  papers.  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers,  AprU,  1904 
(Volume  XXX,  Xo.  4),  pp.  174-177. 

4.  Taken  from  an  old  style  sheet  of  the  American  Society  of  Mechan- 

ical Engineers. 

5.  From  C.  B.  Going,  editor,  The  Engineering  Magazine. 

6.  Suggested  by  Mr.  D.  M.  Wright. 

7.  From  a  list  prepared  by  "W.  P.  Cutter,  librarian  of  the  Engineering 

Societies.     29  W.  39th  Street,  Xew  York. 

S.  A.  I.  E.  E.  standard  abbreviations  and  notation,  edition  of  Febru- 
ary, 1913. 

9.  From  Standardization  Eules  of  the  American  Institute  of  Electrical 
Engineers.     Edition  of  December  1,  1914. 

10.  Suggested  by  Mr.  W.  W.  Crosby. 

11.  From  the  Style  Book,  a  compilation  of  rules  governing  executive, 

congressional,  and  departmental  printing.  "Washington.  D.  C.  1913. 

12.  A  list   of  words   approved  by  the  editor  of  Machinery,  Mr.   F.   L. 

Eogers. 

13.  From  an  article  by  Professor  C.  W.  Park  in  the  Xovember.  1915, 

number  of  the  Bulletin,  S.  P.  E.  E.,  on  "  The  "Writing  of  Com- 
pound Technical  Terms. ' ' 

14.  From  a  list  of  abbreviations  prepared  by  Professor  Lionel  S.  Marks 

for  his  new  handbook. 

15.  Suggested  by  Professor  "Wm.  D.  Ennis. 

16.  Suggested  by  Professor  Hugo  Diemer. 

17.  Suggested  by  Professor  E.  B.  Xorris. 

IS.  From  a  list  prepared  by  Mr.  C.  M.  Sames. 
19.  Suggested  by  Mr.  Chas.  Day. 

It  is  suggested  that  members  of  the  Society  who  are  inter- 
ested write  to  the  Public  Printer,  Washington,  D.  C,  for  a  copy 
of  the  Style  Book.  This  prescribes  the  forms,  spellings, 
hyphenatings.  and  abbreviations  that  must  be  followed  in  Gov- 
ernment publications.  The  Style  Book  itself  recognizes  Web- 
ster's New  International  Dictionary,  edition  of  1910,  as  an 
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authority,  from  which  it  varies  in  certain  specified  cases.  It 
is  extremely  likely  that  many  of  the  forms  given  in  the  Style 
Book  will  be  followed  generally  because  of  the  fact  that  Gov- 
ernment publication  are  often  considered  authoritative.  There 
are  some  forms  in  the  Style  Book,  however,  that  can  be 
changed  for  the  better  in  future  editions. 

The  work  connected  with  the  preparation  of  this  report  has 
been  too  great  to  permit  the  consideration  of  uniform  sjTnbols 
for  mechanics  and  hydraulics,  as  was  suggested  at  the  meet- 
ing of  1915. 

Respectfully  submitted, 

John  T.  Faig,  Chairman, 
S.  C.  Eaele, 
W.  D.  Ennis, 
F.  X.  Raymond, 
D.  M.  Wright. 

Discussion. 

W.  P.  Cutter  (by  letter) :  In  connection  with  the  proposed 
issue  of  an  Index  to  Technical  Literature  by  the  Library  of 
the  Engineering  Societies,  and  the  compilation  of  a  Classifica- 
tion of  Technical  Literature  to  be  used  in  conjunction  with 
such  an  index,  the  question  of  nomenclature  is  of  the  great-est 
interest.  For  unless  nomenclature  of  technical  terms  is 
standardized,  uniformity  in  the  classification  and  the  index 
can  not  be  assured. 

Without  attempting  to  .discuss  the  report  of  the  Committee 
on  Technical  Nomenclature  in  detail,  which  is  impossible  in 
the  short  time  remaining  I  desire  to  call  particular  attention 
to  the  importance  of  adopting  standard  abbreviations  to  be 
used  in  citations  of  the  titles  of  teclmical  periodicals  and 
society  publications  in  indexes,  footnotes,  and  bibliographies. 

A  rather  hasty  search  made  through  the  lists  of  abbrevia- 
tions prefixed  to  several  of  the  publications  which  index  tech- 
nical periodicals,  reveals  much  lack  of  uniformity  in  practice. 
My  object  in  calling  attention  to  the  need  of  reform  in  this 
particular  is  not  to   criticize   the   past   action   of  technical 
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bibliographers,  but  to  indicate  that,  as  uniformity  is  desirable 
for  the  purposes  of  the  index  above  referred  to,  it  may  be 
well  considered  the  duty  and  privilege  of  the  Library  of  the 
Engineering  Societies  to  prepare  a  suggested  schedule  of 
standard  abbreviations  for  such  words  as  Academic,  Academy, 
Aeronautical,  AUgemeine,  American,  Annalen,  Annales,  An- 
nals, Annee,  Annuaire,  Archief,  Architectural,  Archiv,  Ar- 
chives, Asociaeion,  Associacao,  Association,  Australasian, 
Automobile,  and  to  all  such  generally  used  expressions  as 
Bulletin,  Transactions,  Proceedings,  Review,  ^News,  World, 
Age,  Magazine,  Record,  Repertorium,  Centralblatt,  Zeitung, 
Zeitschrift. 

The  great  importance  of  such  a  standardization  as  abbre- 
viations will  be  recognized  when  it  is  stated  that  we  have 
estimated  that  the  number  of  entries  required  annually  in  a 
complete  index  to  technical  literature  will  be  one  hundred  and 
fifty  thousand,  and  the  number  of  periodicals  to  be  indexed  is 
greater  than  one  thousand.  Were  a  standard  list  prepared, 
it  would  do  much  to  correct  the  slipshod  methods  of  making 
citations  too  common  in  technical  literature.  The  prepara- 
tion of  such  a  list  would  involve  no  such  differences  of  opinion 
as  exist  in  the  spelling,  hyphenating  and  compounding  of 
engineering  terms,  such  as  are  given  in  the  list  published  by 
the  Committee. 

The  Library  of  the  Engineering  Societies  has,  as  perhaps 
you  are  aware,  published  a  Catalog  of  the  Technical  Period- 
icals in  the  Libraries  of  New  York  and  vicinity,  containing 
the  description  of  over  two  thousand  six  hundred  sets  of 
periodicals  and  society  publications  devoted  to  technology, 
and  the  location  of  these  sets  in  the  libraries  of  the  vicinity. 
Plans  are  now  being  perfected  for  the  preparation  of  a  simi- 
lar list  covering  the  important  technical  libraries  of  the 
United  States  and  Canada.  In  conjunction  with  this  latter 
list,  it  would  be  possible  at  slight  additional  cost  to  append 
to  each  entry  the  standard  abbreviation  for  each  periodical, 
for  use  by  indexers,  bibliographers,  and  authors  and  editors 
of  engineering  periodicals  for  citation  of  periodical  literature. 

19 
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These  remarks  are  only  suggestive  as  to  what  it  is  possible 
to  do  without  much  extra  effort  and  at  small  expense. 

Professor  J.  R.  Benton :  There  is  one  small  matter  in  which 
I  think  the  Committee  has  made  a  mistake.  I  notice  that 
among  the  abbreviations,  those  for  the  metrical  units  are 
given  with  a  period,  such  as  "cm."  The  International  Con- 
gress of  Weights  and  Measures  have  ad%'ised  the  use  of  these 
abb^e^dations  without  period,  thus;  "cm".  This  has  been 
adopted  in  Europe,  and  it  is  also  the  usage  of  the  technical 
periodicals  published  by  the  McGraw-Hill  Publishing  Com- 
pany in  this  countrj'. 

One  other  remark.  The  Committee  has  placed  too  much 
stress,  it  seems  to  me,  on  what  is  merely  customary  rather 
than  on  what  is  inherently  desirable.  It  has  taken  a  great 
deal  of  pains  to  ascertain  present  usages.  That  is  just  what 
the  dictionary  makers  used  to  do.  and  it  resulted  in  giving  us 
our  abominable  and  illogical  English  orthography.  If  the 
Committee  could  see  its  way  to  get  away  from  that  method, 
and  not,  as  the  Chiarman  has  said,  avoid  "putting  ami:hing 
over  on  anybody,"  but  instead  go  right  ahead  and  "put 
things  over"  on  us,  doing  what  it  thinks  logical  instead  of 
merely  customary  I  think  it  would  get  better  results.  For 
my  part,  I  am  quite  willing  to  be  governed  by  its  recommenda- 
tions, regardless  of  my  past  habits;  and  I  think  most  of  us 
would  feel  the  same  way. 

Professor  D.  C.  Jackson:  The  man  who  should  determine 
this  is  not  the  man  who  has  only  experience  in  the  professional 
engineering  work  and  who  has  not  studied  the  effect  of  such 
writings  on  others  who  are  less  expert  than  himself;  but  it 
should  be  determined  in  the  way  phraseology  affects  others, 
who  are  not  expert  in  the  art  within  which  the  writing  belongs. 

Professor  J.  T.  Faig:  Here  is  the  word  "constant-potential 
transformer,"  with  the  hyphen  between  "constant"  and 
"potential."  There  are  lots  of  men  who  object  to  putting 
the  h^'phen  in. 

Professor  Jackson:  There  is  a  device  which  is  a  "potential 
transformer."     That  is  a  compound  noun.     There  is  also  a 
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device  which  is  a  "constant-potential  transformer,"  "trans- 
former" being  the  noun  and  "constant-potential"  the  ad- 
jective element.  To  avoid  the  latter  being  ambiguous,  the 
hyphen  is  put  between  "constant"  and  "potential."  To  put 
the  hyphen  between  "potential"  and  "transformer"  is  also 
often  desirable  when  "potential-transformer"  is  a  compound. 
Professor  Faig :  Many  engineers  want  the  hyphens  out. 
Professor  Jackson:  The  experienced  electrical  engineer  will 
understand  the  thing  by  the  context.  He,  therefore,  does  not 
need  the  hyphens.  But  he  is  not  a  competent  judge  of  the 
needs  of  the  textbooks.  The  latter  judge  must  be  a  man  who 
can  recognize  the  effect  of  the  language  of  the  inexpert  reader. 
That  man  will  put  the  hyphens  where  they  are  needed,  so  the 
thing  will  not  be  ambiguous. 

Professor  Faig:  Would  you  always  put  the  hyphen  in  ad- 
jective modifiers? 

Professor  Jackson:  Not  always,  but  generally.  I  have 
come  to  this  after  struggles  with  proof-readers  who  obviously 
did  not  get  my  meaning,  and  I  have  found  that  others  have 
had  the  same  difficulty. 

Professor  J.  S.  Lapham:  I  notice  in  the  provisional  list  the 
spelling  of  ' '  chlorin ' '  without  the  final  "  e. "  I  think  this  is  in 
accord  with  the  best  non-technical  usage,  that  it  indicates  the 
correct  pronunciation  of  the  word,  and  ought  to  be  adopted. 
1  see  that  "gasoline"  is  not  included  at  all.  I  would  sug- 
gest that  the  list  include  "gasoline"  and  that  it  be  spelled 
"  ene  "  and  not  ' '  ine. ' '  This  corresponds  with  the  spelling  of 
"kerosene,"  and  indicates  the  popular  pronunciation  of  the 
word.  I  realize  that  this  is  against  the  authority  of  the 
American  Society  for  Testing  Materials,  who  give  it  in  their 
list  and  spell  it  "gasoline";  but  it  will  always  be  pronounced 
"gasolene"  and  there  is  an  increasing  tendency  to  spell  it  in 
that  way.  It  has  no  proper  etymology,  anyway.  It  would 
then  fall  in  line  with  kerosene,  which  so  far  as  I  know  has 
always  been  spelled  ' '  ene. "  "  Benzine  "  is  a  special  word.  I 
think  it  is  in  the  provisional  list  without  the  final  "e."  It  is 
a  good  idea  to  make  that  change,  to  have  it  correspond  with 
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chlorin,  chlorid.  etc.  The  coal  tar  product  should  be  spelled 
"benzene." 

Professor  C.  W.  Park:  I  have  already  said  a  number  of 
things  about  the  theory  of  compounds.,  so  that  I  shall  pass 
over  that  unless  the  question  is  raised,  and  simply  discuss  it 
from  the  standpoint  of  a  teacher  of  English.  It  may  not  be 
so  serious  a  matter  to  others  whether  the  hyphen  is  put  in  or 
left  out.  But  the  teacher  of  English,  if  he  is  conscientious, 
when  he  is  asked  which  is  the  better  form,  will  endeavor  to 
tell  his  students;  in  the  first  place,  because  they  like  to  write 
consistently  if  they  have  a  chance,  and  in  the  second  place, 
because  it  is  the  best  possible  thing  for  the  student  to  get  a 
positive  attitude  toward  a  word-  If  his  mind  is  constantly 
wavering  between  possible  forms,  the  whole  tone  of  his  writ- 
ing is  certain  to  be  influenced-  He  will  be  less  direct  and  will 
not  write  in  a  clean-cut  style. 

I  want  to  give  you,  if  I  may  use  the  blackboard  just  a 
minute,  an  illustration  which  I  think  goes  even  farther  than 
any  of  those  Professor  Faig  cited-  A  short  time  ago  1  had  a 
letter  from  an  editor  of  a  technical  publication,  asking, 
""^Vhat  are  you  going  to  do  about  this  expression,  which  is 
stated  in  all  these  ways : 

f  inch 
I  inches 
f  of  an  inch 
0.75  inch 
0.75  inches 
0.75  of  an  inch 
three-fourths  inch 
three-quarters  inch,  and  so  on. 

not  to  mention  f "  f 

• 

I  was  especially  interested,  l>ecause  the  same  question  had 
been  put  to  me  by  my  students.  They  asked,  ''"^hat  are  we 
going  to  do  about  this  kind  of  expression?'*  I  do  not  feel 
that  in  all  of  these  cases,  and  perhaps  not  in  many  of  them, 
instructors  in  English  should  be  the  final  arbiters;  but  I  do 
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believe  that  a  certain  amount  of  standardization  should  be 
required  in  cases  of  this  kind.  We  have  a  right  to  insist  that 
our  students  have  the  privilege  of  writing  something  that 
they  may  be  sure  is  the  authorized  form. 

It  seems  to  me  that  in  the  case  of  technical  expressions 
such  as  we  have  had  occasion  to  discuss  this  morning,  there  is 
the  best  possible  opportunity  to  get  standardization.  These 
terms  are  specific;  they  are  definite  in  meaning.  They  are 
used  among  a  comparatively  small  number  of  men;  in  fact, 
they  are  coined,  adopted,  and  used  by  the  same  general  group 
of  men.  It  seems  to  me  that  if  these  men  can  agree  upon  cer- 
tain mathematical  sjTubols,  which  they  all  do  agree  upon,  they 
can  or  should  agree  upon  clear,  definite  technical  expressions, 
such  as  we  have  had  occasion  to  consider  here.  My  plea  is 
that  the  Committee  be  supported  by  every  one  in  its  effort  to 
bring  about  this  standardization,  and  that  this  support  should 
be  given  in  the  interest  of  the  engineering  students  of  the 
country,  who  need  all  the  help  they  can  get  in  English,  as  the 
report  of  our  Committee  No.  12  will  show. 

To  repeat  just  this  one  idea.  It  may  seem  a  very  small 
matter  to  any  one  whether  am-  of  these  expressions  are 
written  thus  and  so.  It  is  only  a  part  of  the  mechanics  of 
expression,  as  we  have  come  to  regard  it.  But  viewed  even 
from  that  standpoint,  it  is  very  important  that  the  student 
who  is  getting  his  bearings,  who  is  learning  to  write,  shall  be 
able  to  use  as  many  of  these  terms  as  possible  in  a  perfectly 
consistent  way.  AVe  attempt  to  get  at  that  in  the  University 
of  Cincinnati  by  securing  agreement  among  all  the  professors 
of  technical  subjects  as  to  the  form  of  technical  reports ;  and 
it  has  been  in  connection  with  this  effort  at  standardization 
that  we  have  threshed  out  a  great  deal  of  the  material  which 
Professor  Faig  has  referred  to  in  his  report. 

Professor  W.  T.  Magruder:  It  looks  as  if  the  Committee 
on  Technical  Nomenclature  had  a  magnificent  opportunity  to 
take  the  leadership  in  this  matter  and  to  do  a  fine  piece  of 
work  for  the  engineering  profession.  ]Many  of  us  are  mem- 
bers of  one  or  more  national  ensrineering  societies,   and  as 
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such  have  some  slight  influence  in  those  societies.  All  of  us 
have  some  influence  in  this  Society.  It  would  seem  that  this 
Society  has  a  duty  to  perform  in  getting  the  national  engi- 
neering societies  to  appoint  a  joint  committee  to  work  on  the 
revision  of  the  whole  subject  of  technical  and  engineering 
nomenclature. 

A  bit  of  history  may  be  of  interest  here.  The  need  for  our 
Committee  was  suggested  by  ]Mr.  D.  ^I.  "Wright,  who  got  into 
trouble  with  the  United  States  Treasure-  Department  as  to 
the  question  of  whether  an  assembled  collection  of  metal 
parts  was  a  machine  or  a  machine-tool.  For  example,  is  an 
engine-lathe  a  machine  or  a  machine-tool?  If  it  is  the  one, 
then  the  customs-duty  was  so  much  per  cent. ;  while  if  it  is 
the  other,  then  it  was  a  different  per  cent. ;  and  so  this  is  a 
financial  question  of  some  importance  to  engineers  and  a  cause 
of  worriment  as  to  whether  it  goes  by  one  name  or  the  other. 

In  my  judgment,  this  Committee  has  not  yet  touched  upon 
the  most  vital  part  of  the  whole  subject — namely,  the  ques- 
tion, not  of  orthography  or  of  orthoepy,  but  the  question  of 
lexicography.  I  commend  that  particular  aspect  of  the  sub- 
ject to  the  Committee. 

They  have  divided  the  subject  into  two  parts,  dealing  with 
orthography  and  orthoepy.  I  do  not  believe  it  becomes  this 
Society  to  correct  misspellings.  If  a  man  does  not  know  how 
to  spell  a  name,  he  should  learn  how.  If  you  think  that 
"Beaume"  is  a  heautiful  name,  go  ahead,  but  do  not  count 
yourself  as  being  an  educated  engineer,  because  Baume  did 
not  spell  his  name  that  way.  There  are  many  mistakes  of  that 
kind  in  orthography  which  this  Society  should  not  condescend 
to  consider. 

This  committee  and  this  Society  should  ^be  progressive  in 
this  matter.  The  repoii:  is  not  progressive  enough,  at  least  to 
suit  the  speaker.  The  chairman  states  that  a  certain  change 
cannot  be  made  unless  it  is  approved  by  the  dictionary.  The 
dictionary  only  follows  where  we  lead.  The  dictionary  says 
that  we  must  say  cement,  but  we  engineers  do  not  say  cement, 
and  to  do  so  would  be  pedantic.     The  engineer,  the  maker. 
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and  the  user  of  the  article  have  called  it  cement  for  many 
years  and  will  probably  continue  to  do  so.    That  is  orthoepy. 

I  am  opposed  to  the  first  rule  for  compound  technical  terms, 
namely,  "Omit  hyphens  with  compound  nouns,"  and  with 
"railroad"  as  the  example.  I  think  it  is  well  for  us  to  go 
ahead,  be  progressive,  take  the  leadership  in  this  matter,  and 
write  words  in  the  way  that  seems  logical  and  that  educated 
people  who  use  the  word  think  that  it  should  be  written.  We 
will  always  be  in  a  transitional  state  with  respect  to  some 
words.  The  time  was  when  we  used  to  have  black  smiths  in 
distinction  from  white  smiths;  then  we  had  blacksmiths  and 
whitesmiths;  today,  we  seldom  hear  of  whitesmiths,  but  only 
of  blacksmiths  and  tinsmiths.     That  is  lexicography. 

The  report  says:  "Do  not  write  a  compound  noun  as  one 
word  unless  it  is  so  given  generally  in  the  dictionaries." 
This  principle  is  almost  immoral,  neither  is  it  progressive. 
Let  us  take  the  leadership  in  this  matter.  Compound  it  and 
call  it  a  word.  If  you  want  to  use  railroad  and  boilerroom  each 
as  one  word,  do  so.  We  are  gradually  working  in  that  direc- 
tion and  can  not  be  held  back.  Let  us  use  these  words  in  this 
way  because  they  represent  one  single  thing.  Boilerroom  repre- 
sents one  thing.  When  you  think  of  a  boilerroom,  you  do  not 
think  of  a  boiler  and  then  of  a  room,  any  more  than  you  think 
of  the  rails  and  then  of  the  roadbed  on  which  they  were  laid. 
You  think  of  the  boilerroom  collectively  as  a  place. 

The  committee  desires  us  to  make  exceptions  when  a  com- 
pound term  is  a  simple  scientific  unit.  Yes;  but  what  about 
commercial  units?  Why  not  let  them  follow  and  be  treated 
similarly  ? 

I  am  opposed  to  the  orthography  of  a  number  of  the  words 
in  the  report,  and  in  particular  to  "crank  pin."  I  would  like 
to  see  it  always  used  as  one  word — crankpin,  and  not  crank- 
pin  or  crank  pin.  It  is  no  longer  a  cranked  pin,  except  in 
rare  cases.  A  cast  steel-gear  is  quite  a  different  article  from 
a  cast-steel  gear;  and  a  cast  steel  gear  might  be  either.  And 
so  of  many  others. 

The  particular  thing  that  hurts  my  Americanism  is  that 
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the  ' '  Standard  "Wire  Gauge ' '  must  be  British,  and  that  there- 
fore our  United  States  and  American  Gauges  can  not  be  ac- 
cepted as  "Standards."  I  am  not  hyphenated  enough  for 
that! 

It  is  to  be  noted  that  the  Style  Book  of  the  Government 
Printing  Office  recommends  the  use  of  ' '  puppet  valve, ' '  rather 
than  ''poppet  valve."  I  understand  that  the  name  "puppet 
valve"  was  suggested  by  the  old  Punch-and-Judy  and  other 
puppet  shows.  One  can  readily  see  how  when  these  valves 
flew  up,  they  gave  some  one  the  idea  of  a  puppet  show.  The 
term  poppet  has  better  philology  to  commend  it.  If  we  are 
to  accept  the  term  puppet  valve,  I  would  suggest  that  we  be 
consistent  and  speak  of  a  "pup"  safety  valve.  Let  us  have 
more  lexicography  and  consistency. 

Professor  Jackson:  I  think  the  exceptions  under  rule  one 
are  not  properly  described.  The  rule  says:  "Omit  hyphens 
with  compound  nouns."  The  exception  says:  "When  a  com- 
pound noun  is  composed  of  two  or  more  words,  each  of  which 
is  a  distinct  engineering  unit."  The  examples  in  that  case 
are  not  what  the  statement  would  lead  you  to  expect  them  to 
be ;  they  are,  in  fact,  abbreviations.  Kilowatt-hour  means  one 
kilowatt  used  for  one  hour;  and  ton-mile  means  a  ton  hauled 
one  mile.  The  hyphen  in  these  two  instances  is  for  the  pur- 
pose of  indicating  the  abbreviation,  not  for  the  purpose  of 
indicating  kilowatt  as  one  unit  and  hour  as  another.  I  think 
I  am  right  in  that  interpretation  of  the  exceptions,  and  I 
would  suggest  that  perhaps  section  h  might  be  applied  to 
abbreviations,  and  then  kilowatt-hour  and  ton-mile  would  be 
appropriate. 

Professor  Faig:  Do  I  understand  that  you  are  objecting  to 
the  use  of  the  hyphen  ? 

Professor  Jackson:  Not  to  the  use  of  the  h^-phen,  but  to 
the  implication  that  it  is  there  because  "kilowatt"  and  "hour" 
are  separate  units.  The  actual  fact  is  that  it  is  an  abbre- 
viation.   The  hyphen  stands  for  "per." 

Professor  Faig :  ITow  about  foot-pound  ? 

Professor  Jackson:  That  is  another  proposition,  although 
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it  might  be  brought  under  this  particular  rule.  It  would  be 
nearer  to  an  example  of  your  exception  than  the  others  vou 
give.  Why  say  constant-speed,  but  direct  current  ?  Why  say 
counter  clockwise  convention;  then  say  counter-electromotive 
force  ?  In  other  words,  why  not  say  counter-clockwise  if  you 
are  going  to  say  counter-electromotive?  There  is  as  much 
reason  for  the  use  of  the  hyphen  in  the  one  place  as  there  is 
in  the  other.  Why  say  high-duty  and  high-speed  with  the 
hyphen,  and  not  high  pressure?  Let  us  be  consistent,  as  far 
as  we  can.  If  we  are  going  to  get  the  recommendations  of 
such  a  report  into  general  use  by  text-book  writers,  we  must 
be  at  least  somewhat  consistent. 

Professor  Park:  I  am  quite  willing  to  leave  all  the  ques- 
tions of  interpretation  of  terms  to  the  excellent  authorities 
we  have  already  heard  this  evening.  I  suppose  if,  when  I 
began  to  teach  engineering  English.  I  had  been  asked  to  ex- 
plain what  a  traveling  crane  was,  I  should  have  said  that  a 
traveling  crane  was  a  migratory  aquatic  bird;  and  that  is 
about  as  near  as  I  can  hope  to  come  to  the  definition  of  some 
highly  technical  terms.  But  from  the  standpoint  of  the  laws 
of  English,  I  think  there  may  be  something  to  be  said :  and  I 
believe  that,  consciously  or  not,  we  have  been  working  toward 
the  recognition  of  certain  sound  principles.  I  noticed  when 
the  first  speaker  was  using  some  compound  expressions  this 
evening,  he  indicated  by  his  accent  the  difference  he  felt  be- 
tween an  expression  which  was  a  compound  and  one  which 
was  not.  That  is  one  of  the  best  tests  possible,  and  I  think  it 
may  help  us  a  good  deal  in  distinguishing  what  is  a  legitimate 
and  actual  compound  from  what  is  a  spurious  compound. 

A  friend  of  mine  furnishes  me  with  an  illustration  of  this 
rule.  He  was  going  out  of  Boston  with  a  party  on  a  suburban 
line  to  a  house  which  no  one  in  the  group  had  ever  visited. 
According  to  their  instructions,  they  were  to  take  the  car.  and 
go  till  they  came  to  a  green  house,  or  a  greenhouse.  The  lady 
who  told  them  this  spoke  in  a  very  level  tone,  so  the  party 
was  about  equally  divided  between  a  greenhouse  and  a  green 
house.    As  is  usual  in  cases  where  there  are  two  possibilities, 
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they  chose  the  wrong  one,  rode  for  a  mile  or  two  past  the 
greenhouse,  their  proper  destination,  all  because  the  lady  had 
not  recognized  with  sufficient  care  a  very  important  principle 
in  the  compounding  of  words — namely,  that  the  accent  falls 
upon  the  first,  or  descriptive,  part  of  a  compound  noun. 

Now,  I  suppose  that  the  first  time  the  expression  "internal 
combustion'*  was  used,  it  was  probably  in  a  simple  connec- 
tion ;  but  when  it  came  to  be  used  to  describe  a  particular  kind 
of  motor,  an  internal-combustion  motor,  the  tendency  was  so 
clearly  felt  by  the  person  who  wrote  it  that  he  probably  dis- 
tinguished it  either  by  putting  the  words  in  quotation  marks 
or  by  connecting  them  with  a  hyphen,  which  is  another 
method  of  accomplishing  the  same  result.  But  that  created  a 
compound  adjective  expression,  intenuil-comhustion,  which  of 
course  has  become  a  technical  term. 

"While  we  are  on  the  subject,  and  are  discussing  it  from  the 
standpoint  of  English,  I  would  like  to  point  out — and  I  do 
not  want  to  be  invidious  in  this  at  all — a  tendency  that  is 
largeh'  manifest  in  technical  writing  and  somewhat  in  other 
writing,  to  form  these  compounds  loosely,  often  without  re- 
gard to  whether  or  not  they  are  technical  expressions.  For 
instance,  I  found  this  expression  in  a  discussion  of  the  Ford 
motor  plant.  The  writer  said  something  like  this:  "The 
car  cost-reduction  and  the  car  selling-system  efficiency  have 
combined  to  produce  an  unparalleled  car  sales  volume.'" 
Xow,  you  notice  what  that  writer  was  doing.  He  was  jaelding 
to  the  temptation  to  form  compounds  indiscriminately.  But 
what  he  was  creating  was  not  technical  compounds,  but  a 
series  of  what  I  should  call  " prepositionless  phrases."  In- 
stead of  "reduction  of  costs,"  for  instance,  he  said  "cost- 
reduction,"  and  so  on.  These  are  spurious  and  illegitimate 
compounds  which  I  think  should  be  carefully  considered  in 
connection  with  any  general  discussion  of  compounds;  and 
that  tendency  in  style  should  be  counteracted.  By  avoiding 
these  awkward  expressions,  we  shall  give  real  technical  com- 
pounds the  distinction  which  they  deserve. 

I  have  spoken  of  the  accent  test  as  one  important  feature. 
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That  is  the  test  which  is  most  conveniently  applied  of  all. 
Another  test  would  be  that  of  meaning.  Do  we  really  mean 
to  use  a  term  in  a  technical  sense?  Or  are  we  just  using  it 
carelessly,  by  analogy  with  the  numerous  compound  expres- 
sions we  find  in  a  technical  style  ? 

I  want  to  say  that  I  believe  that,  whether  consciously  or 
not,  in  your  publications — your  technical  journals  and  other 
writings — your  writers  and  editors  are  tending  toward  a  sim- 
plification that  rests  upon  logic  and  common  sense;  and  I 
believe  in  the  long  run  that  it  will  be  found  that  usage  in  lan- 
guage does  rest  upon  these  principles.  If  you  recall  the 
numerous  examples  I  had  on  the  board  this  morning,  of  the 
way  of  stating  "three-fourths" — and  I  might  have  added  to 
the  list  f  in. — you  remember  the  permutations  and  combina- 
tions which  were  possible.  The  best  opinion  I  can  get,  gath- 
ering it  from  technical  men,  is  that  usage  tends  to  crystallize 
about  some  such  expression  as  f  inch.  ' '  Three-quarters  of  an 
inch  "  or  "  three-fourths  of  an  inch, ' '  written  in  full,  are  ruled 
out  because  they  look  approximate  instead  of  accurate,  and 
look  bulky  instead  of  simplified  and  concise.  Technical  lan- 
guage, of  course,  tends  toward  conciseness  of  expression.  The 
decimals  were  ruled  out,  as  technical  men  have  explained  to 
me,  because  they  prefer  to  keep  the  decimals  to  express  small 
and  more  minute  and  accurate  expressions.  If  they  said  two 
hundred  and  thirty-seven  one-thousandths,  they  would  prefer 
to  state  it  in  decimals;  but  three-fourths  is  preferred  in  the 
form  of  the  common  fraction.  These  are  instances  in  which, 
consciously  or  not,  technical  men  in  their  own  usage  tend,  I 
think,  generally  to  arrive  at  logical  and  common  sense  solu- 
tions for  most  of  these  questions. 

Despite  the  confusion  we  have  all  seen  in  this  matter,  I 
must  say  that  I  for  one  feel  very  much  encouraged  when  I 
note  the  prevailing  tendency  toward  these  simplified  and 
common  sense  expressions.  I  believe  that  what  this  Society 
is  trying  to  do — that  is,  to  get  a  conscious  reaction  from  the 
different  members  on  questions  of  this  kind — is  simply  going 
to  hasten  processes  that  by  the  evolution  of  language   are 
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already  on  their  way,  and  to  obtain  for  us  sooner,  therefore, 
the  standardized  forms  that  we  very  much  need. 

As  was  pointed  out  this  morning,  if  the  student  finds  that  it 
does  not  matter  much  which  way  he  writes  a  thing,  he  will 
come  to  the  conclusion  that  this  applies  not  only  to  certain 
expressions,  but  to  everything;  and  he  will  become  slipshod 
and  careless  in  the  use  of  the  language,  because  this  will 
seem  an  invitation  to  inaccuracy  and  inconsistency.  I  think 
that  is  the  strongest  reason  why  this  organization  should  assist 
in  hastening  these  normal  processes  of  standardization  in  the 
use  of  technical  terms. 

Mr.  Harry  Barker:  As  an  editor,  perhaps  I  might  say  a 
word.  I  should  like  to  endorse  the  stand  taken  by  Professor 
Kent  this  morning.  We  are  driven  to  that.  TVe  intentionally 
hyphenate  rather  than,  as  the  Committee  says,  eliminate  the 
hyphens :  and  there  is  no  need  of  explaining  this  position  any 
more  than  the  professor  did  this  morning.  What  he  said  is 
the  attitude  of  the  editors  of  practically  all  the  engineering 
publications  in  the  country.  They  are  driven  to  it  in  order 
to  express  clearly  and  unmistakably  the  sense  of  what  they 
want  to  say. 

In  the  matter  of  the  list  of  hyphenated  and  questionable 
terms,  I  think  there  is  a  great  field  for  this  Committee  to 
start  a  good  work.  Every  editorial  staff  has  to  have  some 
standardization  within  its  own  organization.  Unless  there  is, 
the  paper  gets  to  be  the  most  surprising  assemblage  of  English 
you  can  imagine.  Xo  two  pages  would  be  consistent ;  no  two 
editors  would  work  alike  in  the  matter  of  abbreviations  and 
hyphenizations  and  compound  words.  We  do  not  care  par- 
ticularly what  rule  we  follow,  so  long  as  it  allows  us  to  ex- 
press unmistakably  the  meaning  we  want  to  convey:  and  so 
long  as  it  is  a  standard  that  is  recognized  by  everybody  in  the 
organization.  The  different  papers  are  probably  willing  to 
accept  a  universal  standard  if  it  meets  that  one  criterion  of 
expressing  the  meaning  unmistakably. 

Coming  to  the  list  itself,  as  given  here,  occasionally  some- 
thing peculiar  crops  out.    It  must  be  expected,  of  course,  that 
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such  things  will  creep  into  any  list.  Any  list  will  have  to  be 
revised,  probably  every  four  or  five  years,  in  order  to  keep  up 
with  advanced  practise. 

Professor  Magruder:  I  should  like  to  second  Professor 
Faig  "s  motion  which  he  made  this  morning  that  the  Committee 
on  Technical  Nomenclature  take  up  this  question  with  the 
national  engineering  societies,  looking  to  the  appointment  of 
a  joint  committee  of  two  members  from  each  of  these  societies 
to  act  as  joint  committee  on  the  subject  of  engineering  nomen- 
clature, and  to  amend  it  by  adding  that  this  motion  be  re- 
ferred to  the  Council  with  the  recommendation  of  the  Conven- 
tion that  it  be  authorized,  "^e  have  precedent,  if  such  is 
necessary,  for  this  action  in  the  appointment  of  the  joint 
Committee  on  Engineering  Education.  (The  motion  was 
carried.) 

Professor  A.  M.  Greene :  Before  closing  the  subject.  I  should 
like  to  suggest  that  the  Committee  also  endeavor  to  include 
in  this  report  some  standardization  of  s^Tiibols.  In  some  books 
on  thermodynamics  I  still  find  r  used  for  the  heat  of  vapori- 
zation, and  in  other  books  h  or  7  is  used  for  the  same  thing. 
If  we  take  up  the  matter  of  hydraulic  turbine  design,  we  will 
find  th-at  one  autlwr  uses  i\  v..  and  v.  for  certain  veJocities. 
while  another  will  use  c.  u  and  u:.  If  the  Committee  could 
only  standardize  these  for  us,  or  suggest  a  set  of  symbols  for 
work  in  applied  mathematics,  I  think  it  would  be  of  great 
assistance  to  the  student  body  of  the  country,  and  it  would 
aid  some  of  the  authors,  also.  I  think  this  should  go  to  the 
Committee  on  Abbreviations  and  Nomenclature. 

Professor  H.  S.  Jacoby:  You  do  not  mean  to  imply  that  the 
work  on  nomenclature  should  necessarily  include  symbols? 

Professor  Greene:  No,  not  necessarily:  but  I  think  this 
should  be  submitted  to  the  Committee.  I  feel  that  they  have 
done  this  other  work  very  well,  and  they  would  be  able  to 
handle  the  additional  burden  satisfactorily. 

Professor  Faig:  The  gentleman  who  preceded  me  has  stated 
the  rules  very  well ;  and  we  are  in  favor  of  them,  except  pos- 
sibly the  last  one.    This  report  represents,  as  I  have  said,  not 
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my  views,  but  the  views  of  the  members  of  the  Society  so  far 
as  we  could  ascertain  them.  In  the  degree  in  which  this  re- 
port does  not  satisfy  the  membership,  in  just  that  degree  the 
Committee  has  failed  to  get  an  accurate  expression  of  opinion 
from  the  members.  TVe  wiH  all  have  an  opportunity  to  cor- 
rect it  when  the  report  is  taken  up  again. 

I  would  like  to  have  a  vote  of  those  present  as  to  the  matter 
of  hyphenating  such  compound  modifiers  as  "  constant-poten- 
tial"  in  the  expression  "constant-potential  transformers." 
Of  these  we  are  not  sure,  because  the  data  obtained  from 
members  of  the  Society  is  conflicting.  Those  who  are  in  favor 
of  hyphenating  compound  adjective  modifiers  as  illustrated 
by  the  expression  "constant-potential  transformers"  are  asked 
to  raise  their  hands. 

(Carried  by  unanimous  vote.) 

I  did  not  get  here  in  time  to  hear  the  beginning  of  Pro- 
fessor Magruder's  remarks.  Certain  suggestions  for  change 
in  the  names  of  machine  tools  were  made  by  Mr.  Wright,  and 
put  on  the  list  the  same  as  the  other  words  were.  There  was 
practicaly  nothing  handed  in  on  that.  Xo  one  seemed  to  care 
to  change  the  expression  "lathe"  to  "horizontal  turning  ma- 
chine." I  was  unable  to  get  many  suggestions  from  manu- 
facturers of  machine  tools,  probably  because  they  have  been 
extremely  busy  during  the  past  two  years. 

The  term  "crank  pin"  has  been  in  use  for  more  than  one 
hundred  years  and  yet  it  has  remained  to  most  people  "crank 
pin."  A  committee  of  the  American  Society  of  ^Mechanical 
Engineers  presented  a  report  on  technical  terms  some  years 
ago.  They  saw  fit  to  write  "crank  pin"  as  two  words  with- 
out the  hyphen.  We  should  not  change  a  term  upon  which 
there  is  substantial  agreement.  As  soon  as  we  find  that  a 
majority  are  in  favor  of  "crankpin"  as  one  word,  we  will 
recommend  that  form. 

At  the  beginning  we  hoped  for  consistency.  That  is  behind 
us.  If  we  can  get  one  way  of  writing  each  word,  so  that  it 
will  be  acceptable,  we  shall  be  delighted.  That  is  all  we  hope 
for.    I  could  speak  quite  convincingly  on  the  other  side  of  the 
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argument,  because  I  am  rather  more  conscious  of  the  -s-ulner- 
ability  of  this  report  than  any  one  else  can  be. 

I  should  like  to  call  attention  to  the  style  book  of  the  public 
printer.  All  the  bulletins  of  the  United  States  government 
have  to  conform  to  the  forms  of  the  style  book.  That  gives 
them  a  sort  of  authority.  A  few  weeks  ago  another  society 
had  the  daring  and  progressiveness  to  recommend  forms  which 
our  Committee  had  not  the  temerity  to  present.  Some  of 
these  forms  are  directly  contrary  to  the  st^'le  books  of  the 
public  printer,  contrary  to  every  publication  of  the  United 
States  government,  and  also  contrary  to  established  custom 
in  this  country  and  abroad.  There  is  no  doubt  in  the  world 
that  these  will  not  be  followed.  It  is  easy  to  get  up  a  set  of 
rules.  It  is  a  different  thing  to  secure  general  acceptance  of 
the  rules.  I  believe  firmly  that  the  tendencies  shown  by  the 
rules  in  this  report  really  exist.  I  think  the  general  tendency 
is  toward  simplification  by  elimination  of  the  hyphen. 
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Dean,   School    of    Engineering.    University    of   Kansas. 

As  developed  in  the  minds  of  those  who  were  determining 
the  form  of  the  discussion  to  be  held  at  this  time,  the  topic 
was  divided  among  the  following  sub-heads : 
(a)  Research  as  a  direct  aid  to  teaching. 
(6)  Research  as  a  means  to  keep  instructors  in  condition  of 
growth. 

(c)  Research  for  the  intrinsic  value  of  results. 

(d)  Research  to  make  possible  the  efficient  and  economic  utili- 

zation of  laboratory  equipment. 

(e)  What  the  institution  should  do  in  the  matter. 

It  is  the  thought  of  the  writer  that  when  the  above  topic 
and  outline  has  been  set  down,  the  opening  paper  for  its  pres- 
entation to  the  membership  of  the  Society  is  fully  written. 
Nothing  more  is  truly  necessary.  The  benefit  to  be  derived 
will  come  from  discussion  by  the  many  rather  than  by  one  or 
two,  and  it  is  proposed  to  make  this  opening  discussion  simply 
one  among  those  which  are  expected  to  follow. 

It  is  evident,  of  course,  that  we  are  considering  the  research 
possibilities  and  research  functions  of  the  school.  As  school 
men  and  would-be  educators  it  is  incumbent  upon  us  to  con- 
sider the  ultimate  purpose  of  the  school  and  the  means  which 
contribute  most  effectively  to  the  accomplishment  of  the  ulti- 
mate purpose.  Important  as  research  is  when  \'iewed  in  the 
light  of  results  in  the  advancement  of  knowledge  and  of  the 
arts,  the  main  purpose  of  the  school  is  to  teach.  The  strongest 
men  obtainable  are  needed  there  and,  once  secured,  the  first 
concern  of  the  institution  should  be  to  fix  the  conditions  under 
which  they  may  labor  effectively  and  consistently.  To  be 
strong  they  must  be  growing  men.     It  may  be  taken  as  axio- 
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matic  that  that  policy  of  administration  which  fails  to  include 
in  its  program  the  fostering  of  those  factors  which  minister 
to  the  growth  of  the  teaching  staff,  is  providing  for  a  period 
of  stagnation  and  decay.  It  may  be  that  the  conditions  which 
make  for  growth  and  development  for  the  one  man  will  be 
impotent  in  the  case  of  another,  so  there  is  no  disposition  at 
this  time  to  argue  for  the  commonly  accepted  forms  of  re- 
search topics  and  methods  as  a  panacea  for  all  ills;  no  inten- 
tion of  saying  that  every  man  on  our  engineering  faculties 
must  engage  in  formalized  research  along  some  technical  line 
within  his  field.  But  at  this  time  it  is  maintained  that  re- 
search is  one  of  the  elements  which  contributes  to  the  desired 
result.  If  it  be  granted  that  many  of  our  men  in  faculty 
positions  are  capable  of  directing  and  conducting  investiga- 
tions along  technical  lines,  then  the  question  is  confessedly  not 
an  academic  one  but  one  which  bears  upon  both  school  and 
industrial  work  in  a  very  direct  and  special  manner. 

The  four  leading  sub-heads  listed  above  indicate  the  prin- 
cipal purposes  for  research  in  our  established  schools.  The 
man  who  is  meeting  live  students  and  discussing  topics  of 
engineering  character  which  must  be  live  themselves,  has  no 
easy  task  cut  out  for  him,  if  he  is  to  command  the  interest  of 
all.  Every  condition  and  circumstance  which  lends  interest 
and  vitality  is  a  distinct  help.  It  is  not  enough  that  the  in- 
structor should  read  his  magazines  and  keep  up  on  current 
topics  and  other  accomplishmeiits  in  the  field.  Knowledge  of 
his  subject  and  all  of  the  many  personal  characteristics  of 
which  we  hear  so  much  these  days  are  necessary,  each  and 
every  one,  so  that  none  may  be  omitted.  A  vital  element  in 
the  process  of  teaching,  however,  is  the  attitude  of  the  student 
which  reflects  in  many  ways  the  condition  of  mind  of  the  in- 
structor himself.  The  creation  of  interest  and  enthusiasm 
depends  upon  the  extent  to  which  the  same  elements  are  pres- 
ent in  the  teaching,  and  in  the  great  majority  of  cases  the  pos- 
session of  these  calls  for  active  participation  in  the  advance- 
ment of  the  subject.  In  addition  to  these  unconscious  influ- 
ences which  pass  between  instructor  and  student  there  is  a 
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positive  factor  present  in  the  shape  of  the  conscious  recog- 
nition on  the  part  of  the  student  of  the  progressive  spirit 
which  impells  his  instructor  to  participate  in  progressive  work. 
He  knows,  and  gives  full  credit  for  it,  that  the  man  to  whom 
he  is  looking  for  guidance  and  assistance  is  himself  so  thor- 
oughly a  master  in  his  branch  that  work  which  the  latter  is 
doing  is  recognized  abroad  as  well  as  at  home.  The  double 
purpose  indicated  by  the  first  two  of  the  main  topics  is  thus 
met  in  the  case  of  those  men  who  are  so  constituted  that  they 
are  successful  in  research.  The  great  majority  of  our  faculty 
men  are  in  this  class. 

A  common  fault,  not  peculiar  to  teachers  of  engineering  but 
one  to  which  all  who  think  upon  matters  of  scientific  and  in- 
dustrial significance  are  liable,  is  the  error  of  assumption  of 
the  infallibility  of  scientifically  expressed  results.  The  tend- 
ency to  accept  statements  which  are  made  by  science  workers 
as  though  these  workers  possessed  some  unusual  and  dis- 
tinctive insight,  is  strong.  People  have  generally  seemed  to 
feel  that  anyone  who  spoke  in  scientific  terms  and  handled 
natural  elements  through  the  medium  of  scientific  apparatus 
must  of  necessity  have  some  special  hold  on  a  power  to  in- 
terpret the  secrets  of  nature  by  processes  which  differed  in 
some  unexplainable  way  from  methods  employed  by  others 
who  proceeded  along  other  paths  of  reasoning. 

As  a  matter  of  fact  the  histoiy  of  the  development  of  science 
is  marked  by  the  succeeding  steps  which  the  devoted  workers 
have  succeeded  in  taking.  Thus  in  the  realms  of  heat  or  light 
or  electricity,  theory  after  theory  has  been  evolved,  lived 
through  its  short  day,  and  then  passed  on  to  be  succeeded  by 
the  next  member  of  the  series.  Each  in  its  turn  was  entitled 
to  respect  because  it  seemed  to  explain  the  facts  of  life  which 
were  at  the  time  foremost  in  the  minds  of  the  workers,  and  the 
man  who  has  kept  abreast  of  the  situation  is  one  who  has  taken 
these  explanations  at  their  face  value  and  with  a  conscious- 
ness of  possible  limitations.  It  is  only  by  the  exercise  of  this 
spirit  that  we  progress  at  all  along  lines  of  science  or  along 
lines  of  practical  adaptation  of  scientific  principles  to  industry. 
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The  non-progressive  man  is  the  one  who  fails  to  catch  the 
spirit  which  animates  true  research  and  this  he  does  by  reason 
of  his  mind  being  unoccupied  with  the  world  of  cause  and  effect. 
His  mind  is  remaining  at  rest  on  the  established  principles 
enumerated  in  his  text-book  and  the  end  for  him  is  at  the  be- 
ginning. A  writer  in  a  recent  number  of  Science  touches 
this  point  in  these  words : 

•'The  only  preventive  force  is  the  scientific  spirit.  It  is  a 
development  of  the  quality  or  tendency  of  the  mind  which  has 
compelled  man  in  all  the  periods  of  his  history  to  discard  or  to 
recast  his  truths  because  they  do  not  work,  and  to  accept  new 
ones  because  they  do  work.  That  tendency  in  common  life 
has  operated  crudely  and  slowly,  it  has  caused  countless  mis- 
takes and  the  temporary  acceptance  of  countless  errors,  but  it 
has  brought  us  to  our  present  stage  of  civilization.  It  is  in- 
deed nothing  else  than  the  pragmatic  spirit.  The  scientific 
spirit  is  the  pragmatic  spirit  trained  in  the  strictest  fashion 
to  accept  only  what  answers  rigid  tests  and  reinforced  by  an 
intense  curiosity  or  desire  to  know.  The  very  essence  of  this 
spirit  is  manifested  in  the  habit  of  unceasing,  relentless  criti- 
cism. "Without  such  incessant  criticism  there  would  be  chaos 
in  science.  The  scientific  spirit,  as  thus  understood,  is  an  all- 
powerful  factor  in  establishing  scientific  truth." 

The  man  who  is  really  imbued  with  this  spirit  goes  before 
his  class  with  an  enthusiasm  that  is  born  of  a  fire  which  cannot 
be  quenched.  He  works  because  he  loves  to  work  and  the  stu- 
dents who  sit  before  him  recognize  that  fact  with  an  accuracy 
that  is  as  keen  and  appreciative  of  power  as  it  is  deadly  in 
detecting  the  formality  of  the  copyist.  Such  a  man  is  a 
teacher  in  the  truest  sense  of  the  term  and  if  he  is  produced 
once  in  a  decade  by  the  expenditure  of  whatever  is  necessary 
in  order  to  provide  him  with  the  means  for  the  exercise  of  his 
active  mind,  the  expenditure  is  warranted  a  thousand  times 
over.  That  research  can  do  this,  and  that  for  many  men  it  is 
the  only  agency  through  which  expression  of  force  and  genius 
is  possible,  is  a  fact  so  well  known  that  it  need  not  be  repeated. 

There  is  little  necessity  to  enlarge  here  upon  the  intrinsic 
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value  of  that  which  is  accomplished  through  the  medium  of 
the  laboratory.  Before  the  people  of  the  country  at  large, 
however,  there  may  be  reason  for  such  an  argument.  Another 
writer  has  this  to  say  at  this  point,  while  addressing  a  recent 
gathering : 

"I  want  you  to  realize  that  in  America  we  are  going  ahead 
in  the  future  at  a  rate  dependent  entirely  upon  our  prepara- 
tion. Laboratories  are  a  relatively  modern  thing.  In  most 
of  the  sciences  they  are  a  development  within  the  lives  of  men 
now  living.  I  want  you  to  see  that  we  must  be  foremost  in 
systematic,  organized  research,  or  we  will  be  distanced  by 
other  countries  which  already  well  recognize  the  value  of  new 
knowledge. 

"When  so  much  of  our  material  welfare,  the  condition  and 
extent  of  our  manufactures,  the  quality  of  our  agricultural 
efforts,  and  the  health  of  our  people,  depend  upon  the  rate  of 
our  acquirement  of  new  knowledge,  there  ought  to  be  much 
greater  effort  made  along  the  lines  of  research  than  is  at  pres- 
ent the  case. ' ' 

To  accomplish  all  this  there  are  two  well-recognized  methods 
of  procedure.  The  one  is  to  employ  for  the  work,  associating 
them  with  laboratories,  which,  we  may  say,  are  employed  for 
school  work,  men  whose  only  duty  it  is  to  engage  in  lines  of 
investigation.  The  other  method  is  that  of  carrying  it  on 
through  men  who  come  daily  into  contact  with  students  in  the 
class  room,  freeing  them  from  drudgery  so  as  to  make  possible 
the  application  of  their  time  and  energy  to  the  desired  results. 
From  what  has  proceeded  it  is  not  difficult  to  conclude  that  in 
the  mind  of  the  writer  nearly  every  argument  turns  in  favor 
of  the  latter  procedure.  Under  appropriate  conditions  which 
are  readily  realized,  results  of  full  value  are  procurable  and 
at  the  same  time  there  will  be  possible  that  other  development 
which  is  so  essential  to  the  efficient  teacher.  Too  often  the 
question  is  argued  and  decided  upon  the  basis  of  the  one  ele- 
ment of  financial  efficiency  in  results  and  thereby  a  most  vivid 
example  given  of  reasoning  by  methods  which  are  the  reverse 
of  scientific.    To  arrive  at  the  true  conclusion  every  advantage 
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and  every  item  in  the  stream  of  results  which  flow  from  such  a 
source  must  be  considered.  Here,  as  in  other  lines  of  science, 
the  administrator  and  the  student  of  educational  policies  must 
possess  the  spirit  of  willingness  to  accept  principles  if  they 
work  and  to  discount  them  if  they  do  not  work.  There  is  no 
lack  of  instances  to  show  that  the  opening  up  of  opportunities 
for  the  exercise  of  the  creative  spirit  and  genius  of  the  teacher 
has  resulted  in  a  total  effect  which  embodied  the  double  result 
just  indicated.  Important  investigational  results  have  been 
accomplished  hy  men  whose  lives  have  been  devoted  to  the 
cause  of  education  and  who  have  become  great  teachers 
through  their  work. 

After  all,  there  may  arise  the  question  of  what  is  research 
and  what  may  be  the  other  classes  of  activity  which  will  bring 
the  opportunity  and  the  results  to  those  who  may  not  be 
adapted  to  research  of  our  stereotyped  forms.  For  some  it  is 
investigation  in  its  purest  meaning.  For  others  it  is  the  op- 
portunity for  participation  in  the  active  affairs  of  industry, 
be  it  construction,  public  utilities  service,  or  what  not.  For 
some  it  may  be  that  intensive  devotion  to  study  and  service 
which  results  in  the  writing  of  books.  A.  well-known  pub- 
lisher, but  recently  deceased,  is  credited  with  a  remark  that 
no  college  professor  is  satisfied  until  he  has  written  at  least  one 
book.  May  it  not  be  true  that  such  a  condition  is  the  result  of 
the  limitations  which  have  been  cast  about  so  many  educators 
and  which  have  compelled  them  to  find  an  outlet  for  their 
energies  by  doing  that  one  thing  for  which  so  many  are  un- 
fitted? May  not  the  genuine  be  attained  if  conditions  are 
such  that  those  who  may  best  investigate,  investigate ;  that 
those  who  best  may  practice  their  profession  in  the  community 
industrialism,  so  participate ;  and  that  those  who  best  may 
write,  write  books  ? 

Have  administrators  of  institutions  devoted  to  science  exer- 
cised the  scientific  spirit  in  deciding  these  problems,  is  a  fair 
question.  It  may  be  assumed  that  schools  of  this  type  touch 
the  industrial  life  of  the  region.  This  is  particularly  the  op- 
portunity for  those  connected  with  the  publicly  supported 
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schools,  such  as  our  state  universities.  For  such,  the  question 
of  results  measured  in  terms  of  commerce  and  industry  is  a 
pressing  question,  but  no  less  pressing  is  that  other  one  of  the 
need  of  effective  handling  of  the  human  stream  of  student"  life 
which  flows  past  him.  No  less  real,  let  us  add,  is  the  justice 
of  the  idea  that  it  is  a  matter  of  concern  for  school  executives 
to  recognize  the  good  of  that  other  less  rapidly  flowing  stream 
of  instructors,  the  workers  on  which  the  real  burden  falls.  In 
the  main  these  administrators  are  of  scientific  and  technical 
training,  and  by  them  should  the  strict  analysis  of  all  influ- 
encing conditions  be  made.  In  this,  no  more  than  in  the  other 
affairs  which  make  up  the  busy  life  of  the  world,  should  we  ex- 
pect that  the  one  conclusion  will  hold  for  all,  but  in  many  cases 
it  is  evident  that  the  true  conclusion  will  be  that  research  per- 
forms its  greatest  function,  and  makes  possible  the  most  com- 
plete utilization  of  available  equipment,  when  it  is  being  ad- 
justed to  meet  the  needs,  and  furnishes  the  outlet  for  the 
ambitions,  of  the  men  who  are  moulding  the  lives  of  students 
by  daily  contact  in  the  class  rooms. 

Discussion. 

Professor  D.  C.  Jackson:  The  chairman  gives  me  great 
credit  for  carrying  on  research.  I  want  to  say  that  I  am  not 
the  one  in, the  electrical  engineering  department  of  the  Massa- 
chusetts Institute  of  Technology  who  has  the  best  opportunity 
to  do  research.  If  I  did  not  have  other  things  to  do,  I  should 
rejoice  to  take  charge  of  the  research  in  that  department,  but 
there  are  other  things  which  I  have  to  do.  There  is  another 
man  in  our  department  who  is  very  deeply  interested  in  and 
particularly  gifted  for  carrying  on  research,  so  we  com- 
promise by  giving  him  the  immediate  supervision  of  that  work. 

I  express  my  opinion  of  the  desirability  of  research,  how- 
ever, from  considerable  experience.  Even  in  the  days  when 
the  department  of  electrical  engineering  at  the  University  of 
Wisconsin  was  small,  we  were  all  doing  some  minor  work  of 
advanced  character  with  advanced  students;  and  most  of  us 
were  doing  some  work  that  was  at  least  extending  our  own 
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knowledge,  if  not  the  knowledge  of  the  world.  When,  several 
years  ago,  I  had  the  good  fortune  to  go  to  the  Massachusetts 
Institute  of  Technology,  it  was  with  the  understanding  of  all 
concerned  that  I  was  an  exponent  of  the  advantages  of  carry- 
ing on  advanced  study  and  research  in  an  engineering  depart- 
ment as  a  matter  of  aiding  undergraduate  work,  as  well  as  of 
being  serviceable  in  other  ways.  We  have  been  so  fortunate, 
under  the  circumstances  there,  as  to  have  a  great  deal  of 
sympathy  and  support  for  our  work. 

I  agree  with  Dean  Walker  that  there  are  four  important 
matters  to  consider  in  viewing  the  effect  of  research.  He 
names  them  under  heads  a,  h,  c,  and  d.  I  do  not  care  much 
about  the  last.  We  use  our  student  laboratory  equipment 
just  as  much  as  we  can,  but  the  first  purpose  is  to  make  good 
use  for  teaching  purposes,  as  we  have,  and  to  get  the  proper 
educational  effect.  Consequently,  I  do  not  dwell  particularly 
upon  research  as  a  means  to  make  the  most  economical  use  of 
student  laboratory  equipment.  If  that  were  the  only  subject, 
research  probably  would  not  be  important  to  us.  But  from 
the  standpoint  of  the  influence  on  teaching — which  I  presume 
is  meant  by  Dean  Walker  to  refer  more  particularly  to  the 
influence  upon  the  undergraduate  students  themselves,  which 
influence  is  gained  through  the  effect  of  the  teaching — from 
that  standpoint  the  introduction  of  a  considerable  amount  of 
advanced  research  in  a  department  is  well  worthy  of  careful 
consideration. 

It  is  also  worthy  of  consideration  because  of  the  influence 
upon  the  instructors.  Dean  Walker  is  entirely  too  modest.  I 
had  some  correspondence  with  him  about  his  paper,  and  he 
expressed  the  opinion  that  the  real  benefit  in  the  presenta- 
tion here  would  come  from  the  discussion  which  might  be 
aroused  by  the  outline  which  he  would  lay  down. 

He  also  is  too  modest  in  the  way  he  presents  the  status  of 
this  Society  as  a  society  of  educators.  He  calls  them  "would- 
be  educators."  We  will  have  to  admit  that  we  are  school- 
men, and  I  think  we  ought  to  assume  that  we  are  educators. 
If  we  are  not,  it  is  time  to  find  out  why  not,  and  take  steps  to 
become  so.     I,  therefore,  do  not  like  such  extreme  modesty. 
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I  will  now  turn  to  the  way  in  which  research  is  carried  on 
in  the  electrical  department  of  the  Massachusetts  Institute  of 
Technology.  Research  is  carried  on  in  other  departments 
of  that  engineering  school,  and  in  many  other  schools;  but 
being  close  to  this,  and  knowing  more  about  it,  I  confine  my 
remarks  to  the  one  department  of  that  Institution. 

After  considering  the  matter  carefully,  we  decided — and 
this  thing  was  all  talked  over  carefully  hy  the  department 
staff — to  carry  on  formal  research  in  the  department  as  a  part 
of  our  activities.  It  was  opposed  at  that  time  by  some  of 
our  men,  but  I  am  happy  to  say  that  men  who  were  reluctant 
then  are  now  quite  enthusiastic  over  the  results  of  our  work. 

After  considering  the  matter  carefully,  we  decided  that  as 
a  teaching  st-aff  we  were  busy,  and  we  would  not  have  time 
to  actually  do  the  kind  and  amount  of  work  we  desired  to  do 
in  research,  if  we  ourselves  tried  to  do  it  without  being  aided 
by  research  assistants.  We.  therefore,  succeeded  in  obtaining 
an  appropriation  which  enabled  us  to  employ  research  assist- 
ants. Having  attained  that  point,  we  came  to  the  conclusion 
that  if  we  were  to  have  several  research  assistants  and  were 
not  to  wast«  time  and  money,  one  man  on  the  staff  would  have 
to  be  substantially  responsible  for  seeing  that  these  men  were 
kept  busy.  "^e.  therefore,  made  what  we  call  a  research 
division  in  the  electrical  engineering  department  and  ap- 
pointed one  of  our  men  director  of  that  division.  Each  man 
in  the  faculty  who  wishes  such  an  assignment  has  one  or 
more  research  assistants  under  his  immediate  direction.  Pro- 
fessor Kennelly  was  appointed  director  of  research,  and  he 
was  relieved  of  all  his  teaching  except  one  postgraduate  course 
running  through  the  year,  and  one  undergraduate  course 
running  for  a  half  year. 

Our  postgraduate  students  have  increased  rapidly  in  num- 
bers. TVe  have  from  four  to  sis  or  eight  master 's  theses  going 
on  each  year,  and  one  or  two  doctor's  theses  each  year.  The 
consequence  is  that  our  postgraduate  students  do  a  good  deal 
of  research  work  all  the  time.  Our  senior  students  come  con- 
stantly in  contact  with  this  work  and  our  juniors  more  or 
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less,  because  we  plan  to  keep  undergraduate  and  postgraduate 
work  together  as  much,  as  possible.  We  constantly  get  results 
from  the  research  which  we  can  utilize  in  the  classroom.  For 
instance,  take  the  case  of  alternating-current  power  trans- 
mission in  which  the  problem  of  the  distribution  of  current 
over  the  cross-section  of  a  conductor  is  of  importance.  That 
is  a  problem  which  has  been  solved  mathematically  for  cylin- 
drical wires,  but  the  mathematical  solution  had  never  been 
checked  by  thoroughgoing  experiments ;  and  while  everybody 
was  more  or  less  satisfied  Tsnth  it,  still  there  was  no  demonstra- 
tion of  its  accuracy.  "We  started  a  research  assistant  to  work 
on  that  problem,  and  after  checking  the  accuracy  of  the 
formula  for  cylindrical  wires,  we  have  produced  a  formula 
for  flat  strips.  These  things  we  pass  on  to  our  students  in  the 
classroom  and  the  students  look  upon  the  work  of  the  depart- 
ment as  live  work,  which  is  certainly  of  moment  to  them. 
I  could  multiply  the  illustrations,  but  stop  at  the  one,  only 
adding  that  the  results  of  our  researches  are  pro^nng  service- 
able in  the  industries. 

The  attitude  of  mind  resulting  from  this  work  has  also  in 
my  opinion,  had  a  large  influence  for  good  on  the  teaching 
itself.  I  think  it  is  fair  to  say  that  this  is  a  fairly  assured 
reaction  of  research  when  properly  carried  on.  I  think  in 
one  of  his  subdivisions  Dean  Walker  refers  explicitly  to  that 
effect,  as  well  as  to  the  effect  on  the  students.  Experience 
l^lainly  shows  the  admirable  influence  of  properly  supervised 
research  on  both  the  teachers  and  the  taught,  and  it  is  my 
opinion  that  no  engineering  school  should  fail  to  encourage 
its  staff  to  do  such  research  work  as  they  are  capable  of  doing. 
But  it  must  be  remembered  that  research  work  requires  con- 
centration on  its  problems,  like  that  required  in  teaching,  and 
it  is  not  enough  different  from  teaching  to  make  it  recrea- 
tion, so  that  teachers  who  supervise  or  carry  on  research  must 
be  relieved  of  some  of  their  standard  hours  of  teaching. 

Professor  C.  L.  Crandall:  In  the  civil  engineering  college 
at  Cornell,  research  has  been  of  fairly  recent  growth.  At 
least,  in  the  early  days  of  the  university  there  was  no  en- 
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couragement  in  that  direction  on  the  part  of  the  authorities. 
Later  on  an  appropriation  was  secured  for  a  laboratory  build- 
ing. After  the  building  was  completed  we  were  told  that  no 
money  whatever  would  be  available  for  anything  except  teach- 
ing. It  was  then  five  or  six  years  before  we  could  get  any 
equipment. 

This  has  been  remedied,  and  at  present  quite  a  little  work 
is  going  on  in  the  way  of  investigation.  Professor  Mills  has 
charge  of  the  testing  materials  laboratory,  and  he  has  con- 
siderable time  available  outside  of  that  required  for  teaching. 
In  the  hydraulic  laboratory,  quite  a  good  many  contributions 
have  been  made  to  the  science  of  hydraulics.  Outside  work 
has  come  in  and  a  good  deal  has  been  done  along  the  line  of 
investigation  both  by  students  and  the  regular  instructing 
force. 

At  Sibley  College  of  Mechanical  Engineering  a  department 
of  research  was  organized  several  years  ago  and  a  larger 
force  has  been  available  for  the  work  than  in  civil  engineering. 

To  quite  an  extent,  the  students,  seniors  and  graduate 
students,  have  come  in  contact  with  the  research  work  directly. 
In  other  cases  they  come  in  contact  indirectly,  and  they  get  a 
good  deal  of  inspiration  from  that  portion  of  the  work. 
Taking  the  broad  definition  which  Professor  Walker  has 
given,  we  are  able  from  time  to  time  to  bring  students  in 
contact  with  questions  in  actual  practise,  which  prove  of  very 
great  interest  to  them,  and  furnish  an  element  of  inspiration 
for  the  entire  class. 

I  do  not  know  that  I  can  say  much  more.  The  subject  of 
investigation  has  been  discussed  during  all  the  meetings  of 
the  Society  for  the  entire  week,  and  I  think  every  one  appre- 
ciates the  advantages.  The  subject  of  research  is  one  which  is 
rather  indefinite  in  the  minds  of  many  people.  "When  the 
Society  of  the  Sigma  Xi  was  first  organized,  ten  per  cent,  of 
our  graduating  cla.sses  could  be  elected  to  membership.  After 
a  few  years  it  was  realized  that  this  was  a  mistake,  and  prac- 
tically no  one  was  elected  from  the  senior  class  as  meeting  the 
requirements.     The  subject  of  research  as  it  is  now  inter- 
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preted  for  seniors  involves  ability  to  do  original  work  as  evi- 
denced by  some  foresight  and  skill  in  taking  a  problem  and 
■working  it  through  with  only  general  directions ;  and  on  that 
basis  those  who  meet  the  requirements  are  in  a  stage  of  de- 
velopment which  shows  better  promise  of  their  becoming 
engineers  than  the  rank  and  file  of  the  class. 

Professor  H.  F.  Moore:  In  the  discussion  of  the  desirability 
of  research  work  by  engineering  teachers  the  speaker  desires 
to  comment  on  the  apparent  antithesis,  noted  by  Dean 
Walker,  between  two  methods  of  doing  research  work — one,  by 
employing  special  research  men,  and  the  other,  by  utilizing 
the  teaching  staff.  At  the  University  of  Illinois  the  employ- 
ment of  special  research  men  has  not  been  found  to  inhibit 
research  work  by  the  instructional  staff ;  in  fact,  a  good  degree 
of  cooperation  and  mutual  interest  between  the  research  staff 
and  the  teaching  staff  has  resulted.  I  think  I  can  show  this 
better  by  two  illustrations  than  by  a  formal  statement. 

One  piece  of  special  research  work  financed  and  organized 
outside  the  teaching  staff  is  a  research  on  stresses  in  railroad 
track  and  ballast.  For  this  work  there  was  organized  a 
special  paid  party  of  workers.  A  member  of  the  instructional 
staff,  who  was  making  investigations  on  the  transmission  of 
pressure  through  sand  and  similar  material,  was  given  the 
services  of  two  members  of  this  party.  These  men  acted  as 
his  assistants,  relieving  him  of  a  great  deal  of  routine  work, 
yet  not  affecting  his  control  of  his  own  research  problem. 

An  investigation  of  the  web  strength  of  girders  has  been 
carried  on  by  the  joint  efforts  of  a  member  of  the  research 
staff  of  the  materials  testing  laboratory  and  a  member  of  the 
instructional  staff  in  structural  engineering.  The  research 
man  was  able  to  spend  time  rigging  up  special  test  apparatus, 
and  to  oversee  the  work  of  testing,  the  instructional  staff  man 
was  able  to  keep  the  scope  of  the  investigation  properly  cor- 
related to  current  practice  in  design.  The  resulting  piece  of 
research  was  better  than  if  either  man  had  attempted  it  alone. 

Dean  C.  L.  Cory:  I  have  known  some  teachers  who  were  not 
good  teachers  primarily  because  they  did  not  continue  to  be 
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students  in  the  real  meaning  of  that  word  of  the  subject  that 
they  were  teaching.  In  the  earlier  years  of  their  academic 
career  perhaps  they  were  good  teachers,  but  for  some  rea.son 
after  considering  themselves  well  established  in  their  posi- 
tions they  faUed  to  continue  to  be  students  or  do  any  serious 
intellectual  work  outside  of  the  class  room. 

I  can  think  of  nothing  that  will  more  surely  tend  to  develop 
the  highest  intellectual  activities  of  a  teacher  like  research  or 
original  work.  One  diflficulty  is  that  original  investigation  or 
research  in  many  institutions  is  received  with  about  as  much 
enthusiasm  as  one  receives  an  invitation  late  in  the  afternoon 
to  attend  a  dinner  in  the  evening,  the  reason  of  the  invitation 
being  that,  due  to  the  failure  of  some  one  previously  invited 
to  accept,  the  host  or  hostess  desires  to  ob^^ate  the  embarra.ss- 
ing  condition  of  having  thirteen  at  the  table. 

I  wish  decidedly  to  emphasize  the  point  Professor  Jackson 
has  so  clearly  developed.  Research,  to  be  of  any  worth,  must 
be  organized  and  carried  on  by  the  department  rather  than  by 
one  or  two  membei*s  thereof.  The  organization  and  proper 
supervision  of  research  is  of  the  greatest  value  in  developing 
the  highest  qualities  desirable  in  a  teacher.  At  one  time  I  had 
an  idea  that  a  man  who  is  es.sentially  interested  in  original 
investigation  could  not^  at  the  same  time,  be  a  good  teacher. 
In  later  years,  however,  it  has  become  apparent  to  me  that  this 
is  not  the  case.  The  benefit  of  research  work  to  the  graduate 
students  as  well  as  the  undergraduate  students  is  unques- 
tioned; to  the  latter  perhaps  by  example.  Besides,  there  is 
great  benefit  to  the  teaching  staff,  inspiring  every  member  of 
the  department  to  endeavor  that  is  really  worth  his  while. 

"When  in  an  electrical  laboratory,  for  instance,  you  can  have 
at  hand  the  facsimile  of  a  600-mile,  high  tension  transmis- 
sion system  containing  resistance,  capacity  and  induction  in 
exactly  the  same  relative  proportions  that  these  constants  have 
in  a  regular  transmission  system  in  actual  use :  again,  if  there 
is  available  in  such  an  electrical  laboratory  a  specially  designed 
oscillograph  giving  accurate  electromotive  force  and  current 
curves  with  frequencies  up  to  5,000  cycles  per  second,  and  the 
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engineers  of  the  large  transmission  companies  as  well  as  the 
United  States  government  find  it  desirable  to  use  such  equip- 
ment in  their  investigation  work,  the  inspiration  to  the 
students,  graduate  and  undergraduate,  must  be  of  the  greatest 
advantage  in  the  routine  instruction,  which  often  is  uo^t  neces- 
sarily interesting 

I  am  in  accord  with  the  fundamental  principles  set  forth  by 
Dean  TValker,  and  it  is  always  where  we  find  new  conditions 
and  new  problems  that  our  scientific  departments  gain  most. 

Research  work  can  only  be  effective  if  properlv  organized, 
and  every  member  of  the  department  should  contribute  some- 
thing toward  this  most  important  feature  of  the  work  done  by 
the  department. 

Professor  Jackson:  Dean  Cory  says  there  are  unquestion- 
able advantages  to  undergraduate  students.  If  there  is  time  I 
would  like  to  have  him  explain  the  reasons  for  it.  I  agree  with 
him,  but  I  would  like  to  have  his  reasons. 

Dean  Cory:  The  advantages  are  many.  Those  that  come  to 
my  mind  at  this  moment  are  that  research  adds  zest  and 
inspires  enthusiasm  not  only  to  the  undergraduates  but  to  the 
staff  of  the  department.  Considering  the  undergraduates 
first,  as  a  result  of  my  observations  it  is  decidedly  worth  while 
if  a  student,  even  as  a  junior,  has  an  opportunity  to  see  some 
experimental  work  begin.  The  result  is  that  he  not  only 
takes  a  greater  interest  in, that  particular  experiment,  but  it 
causes  him  to  take  a  greater  interest  in  all  the  work  he  does 
even  as  an  undergraduate  in  that  department.  It  may  even 
mean  that  he  may  take  a  greater  interest  in  all  his  university 
work  and  develop  the  proper  attitude  of  mind  toward  his 
studies. 

Seminars  usually  are  conducted  primarily  for  the  benefit  of 
graduate  students,  but  if  incidentally  you  can  bring  the  under- 
graduates in  contact  with  these  new  problems  it  is  a  tremend- 
ous advantage  to  them  as  well.  If  the  research  work  of  the 
department  is  properly  organized  there  is  a  general  uplifting 
of  every  member  of  the  teaching  staff,  the  graduate  students 
and  also  the  undergraduates. 
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Professor  F.  G.  Higbee:  There  is  one  phase  of  this  subject 
that  I  would  like  to  bring  to  your  attention,  and  that  is  the 
effect  of  research  upon  the  departments  teaching  elementarA- 
subjects.  I  refer  particularly  to  elementary  subjects  such  as 
drawing  and  descriptive  geometry.  Perhaps  I  can  focus 
your  attention  upon  the  ppint  I  have  in  mind  by  explaining  to 
you  that  for  ten  years  there  has  been  a  constant  procession  of 
instructors  leaving  my  department  to  take  up  work  in  other 
departments  or  in  other  colleges.  This  has  been  the  effect 
of  research  upon  my  department.  Instructors  are  given  time 
and  are  encouraged  to  take  up  research  work  but  it  generally 
works  out  to  the  disadvantage  of  the  department  in  that  the 
instructor  often  leaves  as  a  result  of  this  work.  The  direct 
effect  of  this  upon  the  department  is  not  good.  It  means  that 
there  has  been  a  constant  change  of  instructors,  obliging  us 
to  till  the  gaps  with  young  men  just  out  of  college. 

We  have  been  hearing  a  great  deal  during  this  meeting 
alx)ut  the  "seventy-five  per  cent,  requirement"  of  engineers. 
I  believe,  and  there  are  others  who  share  my  belief,  that  draw- 
ing and  descriptive  geometry  are  subjects  which  offer  wonder- 
ful possibilities  in  the  development  of  those  qualities  which 
go  to  make  up  that  requirement.  Quite  apart  from  the  tech- 
nical side  of  these  subjects  there  is  an  educational  side  which 
rounds  out  a  man's  development  in  the  direction  of  this  sev- 
enty-five per  cent,  requirement.  But  in  the  hands  of  young 
instructors,  men  just  out  of  college,  this  feature  of  these  sub- 
jects is  generally  overlooked.  It  takes  men  with  experience 
in  life  and  in  teaching  to  bring  out  the  educational  side  of 
these  subjects.  And  when,  as  a  partial  result  of  research 
work,  I  find  it  impossible  to  keep  such  men  in  my  department 
you  may  understand  why  I  make  the  claim  that  it  is  not  an 
unmixed  blessing. 

There  is  just  one  other  point  I  would  like  to  make  in  this 
same  connection.  This  is  the  danger  of  having  an  instructor 
lose  the  point  of  view  he  must  keep  if  he  would  teach  ele- 
mentary students  successfully.  As  a  man  progresses  in  his 
research  work  he  is  apt  to  lose  this  point  of  view,  he  is  apt  to 
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advance  beyond  the  point  where  he  can  successfully  teach 
freshman  students. 

Dean  A.  A.  Potter:  The  United  States  has  the  most  invent- 
ive, the  most  resourceful  and  the  most  practical  people  on 
earth,  but  our  success  so  far  has  depended  to  a  considerable 
extent  upon  accidental  conditions.  Americans  are  responsible 
for  72  per  cent,  of  the  epoch-making  inventions  which  have 
been  discovered  during  the  past  fifty  years,  but  we  are  de- 
pendent upon  other  countries  for  processes  and  machines  re- 
quired in  our  industries.  We  lead  the  world  in  large-scale 
production,  but  are  unable  without  the  aid  of  other  nations 
to  supply  many  of  the  things  which  we  need  in  our  industries 
and  in  our  homes.  The  United  States  of  America  have  great 
natural  resources,  but  we  must  be  satisfied  to  allow  other  na- 
tions with  meager  resources  to  gain  and  to  hold  the  markets  of 
the  world. 

The  neglect  of  fundamental  knowledge  and  its  acquirement, 
our  lack  of  patience  to  study,  to  reflect  and  to  investigate,  and 
our  meager  appreciation  of  the  value  of  engineering  research 
are  among  the  main  causes  which  are  responsible  for  the  in- 
conveniences which  the  American  people  must  suffer  during 
the  present  European  conflict. 

Unless  we  recognize  the  value  of  engineering  research,  the 
United  States  will  be  dependent  upon  other  nations.  Without 
fundamental  investigations  it  will  be  necessary  for  us  to  give 
up  the  control  of  foreign  markets  to  such  nations  as  recognize 
that  expenditures  for  experiments  are  the  best  means  of  avoid- 
ing costly  mistakes,  and  are  the  only  methods  for  developing 
the  resources  and  possibilities  of  a  country  and  of  a  people. 

Research  in  our  engineering  educational  institutions  will 
benefit  not  only  the  teacher  and  the  student  but  also  the  in- 
dustries and  the  people  of  this  country.  It  is  most  gratifying 
that  over  fifteen  engineering  colleges  are  maintaining  engi- 
neering experiment  stations  at  the  present  time  and  it  is 
hoped  that  every  engineering  teacher  will  soon  appreciate  the 
value  of  engineering  research  and  that  our  colleges  will  take 
a  leading  part  in  developing  the  possibilities  of  our  country 
and  of  our  people. 
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Dean  Walker:  I  cannot  but  feel  that  the  most  significant 
and  impressive  matter  which  has  come  before  the  organization 
this  year — and  last  year,  for  that  matter — is  the  report  liy  Dr. 
Mann  on  the  general  situation  existing  in  the  schools  of  engi- 
neering in  this  country-.  We  have  all  been  impressed,  I  know, 
with  that  topic,  and  all  have  been  wondering  just  what  we 
might  do  with  reference  to  setting  in  motion  certain  things, 
agencies  which  might  have  some  influence  in  putting  into 
effect  some  of  the  suggestions  which  have  been  made.  Among 
all  these,  and  in  all  of  the  work  which  we  are  doing  and  trying 
to  do,  we  have  to  realize  that  if  we  are  going  to  change  our 
methods  of  teaching;  if  we  are  going  to  do  anything  which  is 
more  effective  in  the  way  of  giving  to  our  students  the  train- 
ing we  want  them  to  have,  develop  character  and  all  the 
various  qualifications  of  which  we  have  heard  so  much,  we 
must  realize  that  the  first  thing  is  the  development  of  the 
teacher.  It  seems  to  me  that  it  is  the  teacher  primarily  who 
must  be  considered,  who  is  to  be  the  chief  actor  in  the  program 
of  improvement.  It  was  with  that  thought  in  mind  that  I  pre- 
pared the  opening  discussion  on  research  as  a  factor  in  the 
school,  ^ly  hope  was  that  we  might  consider  the  whole  propo- 
sition— primarily,  at  any  rate — from  the  standpoint  of  the 
effect  which  research  may  have  upon  tlie  men  who  are  carry- 
ing the  burden  of  teaching,  and  I  have  been  glad  to  note  the 
trend  of  the  discussion. 

To  those  who  have  read  more  in  detail  the  paper  which  is 
printed  in  the  June  Bulletin,  it  will  be  needless  for  me  to 
add  that  I  believe  that  our  teaching  men  should  be  encouraged 
to  do  research  work.  In  saying  this  I  am  not  aiming  to  criti- 
cize at  all  the  policy  which  has  been  adopted  in  various  insti- 
tutions, where  many  men  have  been  engaged  to  give  their 
major  time  to  research.  They  are  turning  out  a  large  amount 
of  valuable  work,  which  will  mean  much  in  the  development 
of  our  industrial  life. 

It  may  be  thought  by  some  that  I  have  cliosen  this  subject 
with  something  in  my  mind  relative  to  the  proposition  which 
is  prominently  before  the  country,  to  establish  engineering 
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experiment  stations.  I  wish  to  say  in  that  connection  that  I 
prepared  my  paper  without  that  being  in  my  mind  at  all.  The 
value  of  the  results  which  would  come  from  such  a  measure 
would  be  very  great;  but  again  I  say  that  my  thought  was 
that  here  we  might  profitably  give  a  portion  of  the  hour  to  the 
discussion  of  what  we  may  do  in  the  way  of  benefiting  men 
who  are  engaged  in  teaching  and  are  carrying  the  burden,  in 
the  way  of  providing  for  them  this  avenue  for  the  exercise  of 
their  powers. 

It  is  my  policy  in  the  institution  with  which  I  have  to  deal 
to  encourage  the  men  who  are  meeting  students  regailarly  to 
undertake  various  lines  of  outside  work  and  I  have  gone  to  the 
extent  of  freeing  them  from  a  certain  amount  of  teaching  time 
so  they  may  have  the  opportunity  for  it.  I  expect  that  during 
the  coming  year  there  will  be  a  few  men  on  our  faculty  whose 
salaries  will  be  paid  in  part  from  the  regular  budget  for  carry- 
ing on  teaching  work,  and  in  somewhat  smaller  part  from  the 
separate  assignment  for  research ;  it  being  my  belief  that  there 
will  be  not  only  some  material  results  which  will  have  intrin- 
sic value  but  also  that  these  men  will  themselves  receive  ma- 
terial benefit. 

One  word  more:  Yesterday,  or  the  day  before,  when  Pro- 
fessor Constant  was  giving  the  report  of  his  Committee,  which 
in  the  main  had  to  do  with  the  various  acti\aties  of  the  teach- 
ing members  of  our  faculties,  I  desired  to  speak  of  one  par- 
ticular phase  of  that  question.  I  did  not  do  it  at  the  time, 
thinking  the  opportunity  would  come  later.  Under  the  gen- 
eral heading  of  research  I  have  chosen  to  include  various 
activities  which  might  occupy  the  time  of  our  men.  One  im- 
portant point,  and  this  is  one  which  illustrates  a  condition 
which  we  have  to  work  under  in  some  of  the  western  univer- 
sities, which  men  of  the  eastern  institutions  may  never  have 
met.  is  that  the  administrator  of  a  school  must  stand  as  a 
buffer  between  the  members  of  his  faculty  and  the  state  at 
large,  especially  the  municipalities  of  the  state.  Demands 
come  to  us  for  work  to  be  done,  which  work  should  properly 
be  carried  on  by  consulting  engineers.     Municipalities  want 
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the  work  done,  but  they  do  not  want  to  pay  for  it.  They  have 
little  idea  of  what  it  might  involve.  In  our  own  ease,  I  have 
to  stand  frequently  as  the  buffer  between  these  parties  who 
are  wishing  to  have  work  of  this  character  done,  and  our  men, 
who  might  be  imposed  and  be  required  to  perform  the 
service  for  nothing.  TVhen  we  consider  that  which  may  be 
done  profitably  and  wisely  by  the  members  of  our  faculties,  it 
is  necessary  to  look  very  carefully  to  the  point  that  their 
time  should  not  be  overburdened,  and  that  they  should  not 
be  called  upon  unexpectedly  to  perform  work  which  was  not 
contemplated  when  their  work  was  laid  out  for  the  year.  I 
have  indicated  that  in  laying  out  the  work  for  some  men,  we 
have  planned  that  they  shall  give  a  certain  time  to  research. 
"We  all  see  the  injustice  which  would  come  if  men  for  whom 
such  provision  had  not  been  made  were  called  upon  to  do  the 
free  work  which  the  municipalities  ask. 

I  am  glad  that  Professor  Jackson  brought  out  the  fact  that 
the  doing  of  research  work  prompts  instructors  in  engineering 
to  study  more  carefully  their  own  teaching  methods,  doing 
so  with  reference  to  fundamental  principles  of  education.  It 
is  the  natural  result  which  follows  when  men  become  accus- 
tomed to  doing  exact  constructive  work. 

The  circumstance  mentioned  by  Professor  Higbee  illustrates 
the  need  of  careful  selection  of  both  men  for  teaching  and  the 
subjects  for  research.  If  teachers  are  to  be  benefited  by  the 
outside  work,  that  work  must  have  some  point  of  direct  con- 
tact with  the  subjects  tausrht.  Freshman  drawing  and  de- 
scriptive geometr^'  are  not  subjects  which  lend  themselves  well 
to  research  as  such,  although  some  of  the  other  activities  which 
have  been  included  in  the  discussion  might  apply.  In  passing 
it  may  be  remarked  the  teachers  in  these  topics  are  the  only 
ones  with  engineering  training,  usually,  who  come  in  close 
contact  with  freshmen  students.  For  this  reason  they  have 
great  responsibilities  along  with  great  opportunities.  They 
should  be  studyine  men.  engineers  and  their  records,  writing, 
perhaps,  and  bringing  to  their  students  the  enthusiasm  needed 
in  special  measure  at  that  period. 
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There  is  one  other  thing  which  I  want  to  bring  before  the 
meeting,  because  I  think  it  is  something  in  which  we  as  edu- 
cators should  take  a  very  live  interest.  There  are  several 
agencies  in  this  country  which  are  devoting  their  energies  in 
considerable  measure  to  the  development  of  foreign  trade  and 
to  foreign  work  in  general.  These  activities  are  being  directed 
largely  toward  South  America  and  Kussia.  People  who  are 
doing  that  work  most  actively  report  that  they  are  being  con- 
tinually balked  by  not  being  able  to  find  men  trained  for  the 
field.  The  Chamber  of  Commerce  of  the  United  States  is  en- 
tering this  work  in  an  active  manner.  I  have  here  a  letter 
just  received  this  afternoon  from  the  man  who  is  directing 
their  publicity  campaign.  He  says  that  he  is  more  thoroughly 
convinced  than  ever  that  a  cooperative  plan  for  the  training 
of  men  is  what  will  solve  this  difficulty. 

What  the  Chamber  wants  is  cooperation,  I  believe  it  is  one 
of  the  legitimate  activities,  one  of  the  legitimate  ways  in  which 
schools  may  cooperate  toward  a  desirable  end.  If  we  can 
say  to  our  students  or  graduates,  "Here  is  a  definite  propo- 
sition " ;  I  believe  we  may  do  a  real  service  to  the  country  by 
bringing  them  back  to  the  schools  and  giving  them  such  ad- 
ditional training  as  we  may  profitably  give.  After  that,  of 
course,  they  would  go  to  the  particular  concern  which  is  in- 
terested in  placing  men.  and  complete  their  preparation  for 
the  work. 

I  speak  of  this,  not  so  much  that  is  concerned  with  the  topic 
before  us  now,  but  with  a  view  to  stimulating  cooperation  with 
the  Chamber  of  Commerce,  and  in  the  hope  of  interesting  en- 
gineering institutions  all  over  the  country  in  this  training  of 
men  for  positions  in  these  lines. 
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ATES  FROM   ENGINEERING   COLLEGES. 

BY  A.  A.  POTTEK. 
Dean  of  the  Division  of  Engineering.  Kansas  State  Agricultural  College, 

AND 

M.   E.   BOWERMAN, 
Instructor  in  Machine  Design,  Kansas  State  Agricultural  College. 

Statements  are  often  made  that  only  a  relatively  small  per 
cent,  of  graduates  from  engineering  schools  remain  in  engi- 
neering work.  In  order  to  verifj'  this  statement,,  a  study  was 
made  of  the  occupations  of  alumni  from  over  fifty  represent- 
ative engineering  colleges  in  the  United  States.  The  results 
incorporated  in  this  paper  include  graduates  from  classes 
1901  to  1914  inclusive. 

The  records  and  percentages  are  compiled  from  22,697  grad- 
uates whose  occupation  and  residence  was  definitely  known. 
Under  engineering  as  occupation  are  included:  practicing 
engineers,  engineering  draftsmen  and  designers,  construction 
engineers,  engineering  salesman,  teachers  of  engineering  or  of 
allied  subjects,  and  engineering  executives. 

The  institutions  investigated  and  their  locations  are  shown 
in  the  accompanying  table. 

In  making  this  investigation,  it  was  found  that  several  of 
the  leading  engineering  colleges  kept  no  record  of  their 
alumni.  Such  records,  if  carefully  kept  up  to  date,  should 
prove  of  great  value  to  engineering  education. 

Percentages  op  Graduates  Remaining  in  Engint:ering 
Occupations. 

This  investigation  proves  conclusively  that  90.1  per  cent,  of 
graduates  from  the  engineering  schools  of  the  United  States 
remain  in  the  occupations  for  which  they  were  prepared. 
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The  chart  shows  the  percentages  engaged  in  engineering 
work  of  graduates  from  engineering  colleges  in  the  various 
sections  of  this  country. 

The  North  Atlantic  Group,  which  includes  the  institutions 
as  given  in  the  table,  and  represents  8,452  graduates,  shows 
that  the  percentages  remaining  in  engineering  work  vary  from 
79  per  cent,  to  93  per  cent.     The  average  percentage  is  87. 

The  South  Atlantic  States  (see  table)  show  a  greater  vari- 
ation, the  limits  varying  from  72  per  cent,  to  92  per  cent.,  with 
an  average  of  85  per  cent.  This  greater  variation  is  due 
mainly  to  the  small  number  of  graduates,  which  for  this  group 
is  only  1,382  for  the  years  1901  to  1914. 

The  North  Central  Group  (see  table)  shows  the  least  varia- 
tion. Taking  the  graduates  in  this  group  of  the  thirteen 
classes  from  1901  to  1913,  the  variations  are  between  92  per 
cent,  and  97  per  cent.  This  group  which  is  represented  by 
16  institutions  and  by  11,444  graduates,  has  94  per  cent,  of 
the  students  who  graduated  during  the  thirteen  years  from 
1901  to  1913  remaining  in  engineering  work. 

The  variation  in  the  South  Central  institutions  (see  table) 
is  greater  than  in  the  North  Central,  the  figures  varjdng  from 
76  per  cent,  to  100  per  cent.  The  general  variation  is  similar 
to  that  in  the  South  Atlantic  institutions  and  for  the  same 
reason,  which  is  a  relatively  small  number  of  graduates,  725. 
The  average  for  the  South  Central  Group  is  90  per  cent. 

Eighty-six  per  cent,  of  the  graduates  from  western  engineer- 
ing schools  (see  table)  remain  in  engineering  occupations. 
In  this  group  694  alumni  are  included  in  the  investigation. 

There  seems  to  be  no  definite  relation  between  the  occupa 
tion  and  the  number  of  years  after  graduation  from  college,  if 
the  first  two  years  are  not  considered.  The  occupations  of 
graduates  from  any  professional  school  during  the  first  two 
or  three  years  are  of  little  importance,  as  the  young  college 
graduate  must  find  himself  by  actual  contact  with  the  world. 
It  is  most  gratifying  to  the  engineering  schools  to  know  that 
over  ninety  per  cent,  of  graduates  in  engineering  are  actually 
engaged  in  engineering  occupations.     Similar  studies  of  grad- 


OCCUPATION    AND    DISTEIBUTION    OF    GEADUATES.       307 

uates  from  law  and  from  medical  colleges  should  prove  of 
much  interest. 

Distribution  of  Graduates  in  Engineering. 

While  making  the  investigation  relative  to  the  occupation  of 
engineering  graduates,  a  study  was  also  made  of  the  number  of 
engineering  graduates  who  remain  in  the  state  where  the  institu- 
tion graduating  them  is  located.  This  information  is  often  asked 
for  by  legislators  or  executives  at  the  head  of  state  institutions. 
There  is  little  argument  against  the  fact  that  the  main  pur- 
pose of  any  state  government  is  to  aid  in  bettering  the  con- 
ditions of  their  citizens,  irrespective  of  whether  such  citizens 
remain  in  the  state  or  move  to  some  other  state.  Many  of  our 
leading  institutions  of  learning  are  devoting  large  sums  of 
money  to  the  education  of  people  not  only  outside  of  the  par- 
ticular state  where  the  institution  is  located,  but  also  for  the 
training  of  students  from  many  foreign  countries.  Altruism 
must  go  hand  in  hand  with  education  and  it  is  only  by  such 
breadth  of  view  that  any  college  or  university  can  best  serve 
its  purpose. 

A  study  of  the  engineering  graduates  from  the  institutions 
as  given  in  table  (see  chart)  shows  that  41.1  per  cent,  remain 
in  the  state  in  which  they  were  educated  for  the  engineering 
profession. 

The  northern  and  western  groups  of  institutions  retain  a 
larger  percentage  of  their  graduates  than  do  the  southern 
states.  This  is  to  be  expected  on  account  of  the  development 
of  the  manufacturing  and  other  engineering  industries  in  the 
northern  and  western  sections. 

In  the  North  Atlantic  Section,  53  per  cent,  of  the  class  of 
1914  remained  in  the  state,  46  per  cent,  of  the  class  of  1910, 
37  per  cent,  of  the  class  of  1907,  35  per  cent,  of  the  class  of 
1903  and  36  per  cent,  of  the  class  of  1901.  An  average  of  42 
per  cent,  of  the  graduates  from  institutions  located  in  the 
North  Central  states  remain  in  the  state  in  which  they  were 
educated. 
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The  South  Atlantic  Group  shows  58  per  cent,  for  the  1914 
class,  42  per  cent,  for  the  1910  class,  41  per  cent,  for  the  1907 
class,  and  30  per  cent,  for  the  class  of  1901.  An  average  of 
44  per  cent,  remain  in  the  state  where  the  institution  from 
which  they  graduated  is  located. 

The  North  Central  Group  shows  53  per  cent,  for  gradu- 
ates of  1914,  42  per  cent,  for  1910,  34  per  cent,  for  1907  and 
31  per  cent,  for  1901.  The  average  for  this  group,  remaining 
in  the  state  is  41  per  cent. 

The  South  Central  institutions  have  25  per  cent,  of  the  1914 
class,  18  per  cent,  of  the  1910  class,  27  per  cent,  of  the  1907 
class,  and  18  per  cent,  of  the  1901  class,  remaining  in  the 
state.  In  general  the  average  is  27  per  cent,  with  little  indi- 
cation as  to  the  relation  between  the  numbers  remaining  in 
the  state  and  the  years  engaged  in  the  profession. 

The  Western  States  show  an  average  of  43  per  cent,  as  re- 
maining in  the  state. 

In  general,  there  is  little  difference  in  the  percentages  of 
graduates  remaining  in  the  state  after  graduation  from  en- 
gineering colleges  in  the  various  sections  of  the  country.  The 
nature  of  the  engineering  profession  often  requires  frequent 
change  of  position.  This  is  particularly  true  in  the  case  of 
civil  engineering  graduates. 

In  addition  to  these  figures  by  classes,  corresponding  data 
for  the  total  graduates  of  several  years  were  obtained  from 
several  engineering  colleges : 

Of  the  graduates  from  the  University  of  Missouri,  classes  of 
1908-1913  inclusive,  about  90  per  cent,  are  engaged  in  en- 
gineering and  60  per  cent,  are  now  in  the  state  of  Missouri. 

The  Agricultural  and  Mechanical  College  of  Texas  gives  for 
the  classes  of  1900-1915  inclusive,  as  82  per  cent,  now  en- 
gaged in  engineering  and  67  per  cent,  in  the  state  of  Texas. 

University  of  Washington  (Seattle),  for  graduates  during 
the  period  1901-1915  inclusive,  85  per  cent,  as  now  engaged 
in  engineering  and  66  per  cent,  in  the  state  of  Washington. 

University  of  Vermont,  classes  1901-1915  inclusive,  90.4  per 
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cent,  engaged  in  engineering  and  20.2  per  cent,  in  the  state  of 
Vermont.  Of  the  graduates  during  the  past  five  years,  33 
per  cent,  are  still  in  Vermont. 

University  of  Maine,  of  the  graduates  during  the  past  ten 
or  fifteen  years,  at  least  95  per  cent,  are  engaged  in  engineer- 
ing. Of  classes  previous  to  1910,  2£  per  cent,  are  in  the  state 
of  Maine ;  and  since  1910,  29  per  cent,  are  in  the  state. 

Noi:th  Dakota  Agricultural  College,  gives  85  per  cent,  en- 
gaged in  engineering  and  41  per  cent,  in  the  state  of  North 
Dakota. 

Vanderbilt  University  has  about  87  per  cent,  of  its  alumni 
in  engineering  work. 

In  this  miscellaneous  group,  some  of  the  advantages  in  en- 
gineering work  were  given  directly  by  the  institution.  Hence, 
they  were  probably  not  all  computed  on  the  same  basis.  In 
general,  the  averages  compare  favorably  with  the  averages  of 
the  other  institutions  investigated,  and  aid  in  showing  that  the 
engineering  colleges  of  the  United  States  prepare  their  grad- 
uates for  active  work  in  the  industries. 

Location  of  Institutions  Investigated. 
Group  I — North  Atlantic.  Group  II — South  AtJantic. 

Carnegie  Institute   of  Technology,  ^lemson  Agricultural  College, 

Clarkson  College  of  Technology,  Delaware  College 

Columbia  University,  ^^^^^.^  ^^^^^^  ^^  Technology, 

Lehigh  University,  ^r^^^^  Carolina  A.  &  M.  College, 

Massachusetts    Institute    of    Tech-  University  of  Florida, 

nology,  Virginia  Polytechnic  Institute, 

^  ew  Hampshire  State  College,  ^^^^  Virginia  University. 
Pennsylvania  State  College, 
Pennsylvania  University, 

Rhode  Island  State  College,  ^™^'P  III— North  Central 

Rutgers  College,  Armour    Institute    of    Technology, 

Stevens  Institute  of  Technology,  Case  School  of  Applied  Science, 

Tufts  College,  Iowa  State  College, 

University  of  Pittsburgh,  Iowa  State  University, 

Vermont  University,  Kansas  State  Agricultural  College, 

Worcester  Polytechnic  Institute.  Kansas  University, 
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Michigan  Agricultural  College, 
Michigan  University, 
Minnesota  University, 
Ohio  State  University, 
Purdue  University, 
Eose  Polytechnic  Institute, 
South  Dakota  State  College, 
University  of  Illinois, 
University  of  Wisconsin, 
Washington  University  (St.  Louis). 


Group   IV — South   Central. 
Oklahoma  A.  &  M.  College, 
University  of  Arkansas, 
University  of  Kentucky, 
University  of  Tennessee. 

Group    V — Western. 
Colorado  University, 
Idaho  University, 
Nevada  University. 


A  PLEA  FOR  THE  FURTHER  STUDY  OF  EFFI- 
CIENT METHODS  IN  THE  ADMINIS- 
TRATION OF  AN  ENGINEERING 
COLLEGE. 

BY   C.   C.   MOEEIS, 

Assistant  to  the  Dean,  The  Ohio  State  University. 

The  purpose  of  this  paper  is  to  call  attention  to  the  need  of 
further  systematic  study  of  efficient  methods  of  administration 
in  engineering  colleges.  Reference  is  not  made  to  the  larger, 
problems  of  policy  and  control  which  must  be  met  and  solved 
by  the  dean.  Those  problems  are  in  mind  which  must  be 
met  by  the  one  in  charge  of  the  details  of  the  office  work. 
Problems  involving  the  preparation  of  teachers  of  engineer- 
ing, their  summer  employment,  the  time  to  be  spent  by  them 
in  work  outside  of  their  regular  class  work,  the  relation  of  the 
engineering  college  to  the  university  of  which  it  is  an  integral 
part,  are  all  problems  for  the  dean.  But  how  best  to  prepare 
for  the  student  a  suitable  schedule,  how  to  keep  in  constant 
touch  with  him,  how  to  help  him  when  he  needs  help,  to  lighten 
his  load  if  it  is  too  heavy,  how  best  to  keep  him  in  line  when  he 
begins  to  waver,  how  best  to  find  out  if  he  is,  or  if  he  is  not, 
fitted  for  the  work  of  an  engineer,  these  are  the  tasks  of  the 
one  who  is  assisting  the  dean.  All  this  work  requires  ma- 
chinery, and  this  machinery  may  be  efficient  or  it  may  be  in- 
efficient. So  far  as  the  writer  knows,  there  is  no  place  where 
an  inexperienced  assistant  may  go  to  find  out  what  methods 
have  been  successful.  When  the  writer  was  appointed  to  his 
present  position,  he  very  naturally  was  anxious  to  find  out  all 
he  could  about  the  duties  of  his  office.  He  was  surprised  to 
find  that  literature  upon  the  subject  was  practically  non- 
existent. This  paper  is  the  result  of  his  efforts  to  work  out 
his  own  salvation.  As  progress  has  been  made,  the  thought 
suggested  itself  that  it  would  be  a  good  plan  to  gather  to- 
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gether  in  one  pamphlet  all  the  best  methods  of  procedure  of 
the  various  colleges. 

In  an  effort  to  find  out  how  other  institutions  were  carrj'ing 
on  their  office  work,  a  trip  to  several  of  the  larger  institutions 
was  made.  In  each,  one  or  more  methods  were  found  which 
had  been  tried  out  and  found  particularh^  efficient.  In  one 
institution,  that  particular  phase  of  the  work  to  which  special 
attention  had  been  given,  showed  marked  development.  In 
another  institution,  an  entirely  different  phase  had  been 
worked  out  and  developed.  There  is  no  doubt  but  that  every 
institution  has  something,  either  a  detail  of  organization  or 
some  efficient  plan  of  dealing  with  students  that  every  other 
institution  would  profit  by  knowing.  That  there  is  a  great 
variety  of  methods  of  various  degrees  of  efficiency  and  ineffi- 
ciency is  apparent  even  to  the  casual  observer,  and  that  there 
is  a  large  field  here  which  should  be  carefully  worked  over  is 
evident. 

This  is  suggested,  not  with  the  thought  that  any  institution 
might  want  to  adopt  in  toto  any  method  or  device  used  by 
another  institution,  but  with  the  hope  that  each  would  be 
able  to  find  something  worth  working  over  and  adapting  to 
its  own  local  needs. 

The  writer  is  fully  aware  of  the  fact  that  there  are  many 
details  of  office  work  in  which  a  large  majority  of  the  mem- 
bers of  this  Society  are  not  in  the  least  interested,  yet  in  every 
engineering  college  there  are  two  or  three  that  are  vitally  in- 
terested in  everything  that  tends  to  facilitate  the  task  of  deal- 
ing with  students,  and  to  lighten  the  load  of  the  administrative 
officers. 

The  methods  of  administration  of  each  college  are  more  or 
less  the  result  of  local  conditions  and  are  directly  affected  by 
those  of  the  universitj'  of  which  it  is  a  part.  Their  growth 
has  taken  place  in  a  haphazard  sort  of  way  and  has  been 
largely  due  to  chance.  This  may  be  explained  by  the  fact 
that  not  until  recently  has  the  dignity  and  importance  of  the 
work  been  realized.  In  the  past  there  has  been  a  secretary  of 
the  college  who  regarded  his  office  duties  as  secondary  to  his 
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teaching  duties.  As  soon  as  his  conscience  allowed  him  to  do 
so,  he  passed  on  his  secretarial  work  to  someone  else  and  re- 
turned to  his  teaching.  The  office  was  thought  of  only  as  a 
temporary  abiding  place  and  not  worth  his  best  efforts.  It  is 
evident,  however,  that  the  work  is  now  coming  into  its  own, 
and  it  is  demanding  the  best  efforts  of  able  men.  The  assist- 
ant to  the  dean  is  in  the  majority  of  cases  a  man  of  full  pro- 
fessorial rank,  and  often  the  head  of  a  non-technical  depart- 
ment. 

One  of  the  most  troublesome  questions  that  occupies  the  at- 
tention of  the  administrative  officers  is  that  of  schedule  mak- 
ing. At  The  Ohio  State  University  there  is  a  system  of  pre- 
registration.  During  the  summer  vacation,  there  is  prepared 
by  the  assistant  to  the  dean  a  schedule  for  each  student. 
These  cards  are  made  out  in  triplicate,  one  for  the  student,  one 
for  the  registrar,  and  one  for  the  dean.  Then,  after  they  have 
been  sent  to  the  registrar's  office  and  scored,  the  student's 
card  together  with  his  fee  card  is  sent  to  him  by  mail.  The 
fees  are  paid  by  mail  and  the  student  is  ready  for  class  work 
before  the  opening  of  the  semester.  There  are  some  very 
serious  objections  to  this  plan.  The  schedules  are  made  with- 
out a  conference  with  the  student.  He  may  have  plans  un- 
known to  the  schedule-maker,  for  making  up  back  work,  or,  if 
the  student  is  dependent  upon  his  own  resources,  it  may  be 
absolutely  necessary  to  take  into  account  the  time  which  must 
be  spent  in  outside  work.  This  makes  necessary  a  consider- 
able number  of  changes  and  a  large  number  of  enrollment 
cards,  prepared  in  the  registrar's  office  when  the  original 
schedule  was  scored,  are  of  no  value.  A  great  deal  of  this 
confusion  could  be  avoided  if  it  were  possible  to  have  the 
schedule  bulletin  completed  by  the  first  of  March  preceding 
the  school  year.  Opportunity  would  then  be  given  for  inter- 
views and  the  student's  wishes  could  be  taken  into  account. 
As  a  conservative  estimate,  I  would  say  that  thirty  per  cent,  of 
the  students  of  our  college  of  engineering  are  to  a  greater  or 
less  extent  dependent  upon  their  own  resources.  How  to  plan 
the  schedule-making  so  that  these  .deserving  men  will  get  ade- 
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quate  attention,  yet  at  the  same  time  to  save  the  whole  scheme 
of  registration  from  utterly  breaking  down  is  indeed  a  difficult 
problem.      The  plan  outlined   above  has  many  advantages. 
The  responsibility  is  centralized.     The  one  in  charge  of  the 
work  is  supposed  to  be  an  expert  in  making  combination  of 
hours.     He  is  conversant  with  the  prerequisites  of  all  the 
courses  and  he  must  see  that  these  are  met.     If  the  student 
becomes  irregular  on  account  of  "conditions"  or  "failures," 
he  must  see  to  it  that  those  subjects  around  which  his  whole 
course  has  been  built  go  on  his  class  card.     Otherwise,  as  has 
often  been  the  case,  the  student  will  find  himself  in  the  po- 
sition of  being  ineligible  to  a  full  schedule.     He  must  see  that 
the  cards  are  cleared  as  the  student  goes  forward  and  that  no 
subject  is  left  behind.     He  must  see  that  all  requirements  for 
graduation  are  being  met.     As  he  works,  he  must  keep  in  close 
touch  with  the  score  sheet  in  order  that  the  balance  of  the 
sections  may  be  maintained.     All  these  duties  may  be  done 
best  by  one  central  authority.     This  plan,  so  far  as  I  know,  is 
not  followed  by  any  other  engineering  college.     Usually  there 
is  a  committee  on  schedules  made  up  of  the  heads  of  depart- 
ments which  meets  with  the  students  on  registration  day.    The 
students  are  grouped  according  to  their  classification  and  the 
committee  aided  by  members  of  their  respective  departments 
spend  a  day  or  two  making  schedules.     Often  as  high  as  fifty 
or  sixty  are  working  at  the  same  time.    The  offices  are  crowded 
to  the  limit  and  long  lines  of  men  spend  hours  awaiting  their 
turn.     Confusion  is  everj-where.     Some  men  take  their  task 
conscientiously,  others  hurry  them  through.     Since  the  art  of 
schedule-making  is  one  that  can  only  be  learned  by  experi- 
ence, a  great  many  unbalanced  schedules  must  result.     Again, 
it  is  difficult  to  get  men  who  are  heads  of  departments  and 
who  are  busy  with  outside  activities  to  take  proper  interest  in 
a  work  which  they  regard  as  more  or  less  routine  in  character. 
The  advantages  of  a  schedule  committee  are,  however,  self- 
evident.     Each  student  has  the  opportunity  to  talk  over  his 
plans  and  purposes.     He  comes  in  rather  close  contact  with 
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men  of  his  own  department,  and  often  acquaintanceships 
formed  under  such  circumstances  are  of  great  value  to  him. 

Another  question  to  which  the  writer  has  given  much 
thought  is  this:  how  far  can  one  go  in  putting  the  student 
upon  his  own  resources.  Some  colleges  make  for  him  in  an 
arbitrary  way  his  schedule,  keep  track  of  every  absence,  solicit 
from  his  instructors  reports  as  to  his  scholarship  at  frequent 
intervals,  and  in  every  way  treat  him  as  one  devoid  of  initi- 
ative of  every  kind,  and  unable  to  attend  to  his  own  affairs. 
The  college  is  indeed  both  father  and  mother  to  him.  The 
student  is  deprived  of  the  responsibility  of  making  his  own 
choices,  of  planning  his  own  work  and  developing  himself 
along  the  line  of  self-reliance.  It  is  the  opinion  of  the  writer 
that  administrative  officers  must  after  all  remember  that  the 
boy,  not  the  machinery  of  the  administration,  is  the  important 
factor.  Where  to  draw  the  line  between  that  for  which  the 
student  may  be  held  responsible  and  that  for  which  the  office 
may  be  held  responsible,  so  that  the  student  may  have  the 
greatest  possible  freedom,  and  so  that  the  dignity  and  effective- 
ness of  the  administration  may  be  preserved  is  a  problem  of 
great  importance. 

I  have  mentioned  two  subjects  which  should  be  carefully 
considered.  There  are  many  others  that  are  worthy  of  study 
by  a  committee  made  up  of  those  who  are  engaged  in  adminis- 
tration of  what  might  be  called  the  student  side  of  the  college 
and  it  is  the  suggestion  of  this  paper  that  either  one  of  the 
committees  now  in  existence  be  asked  to  do  this  or  that  a  new 
committee  be  created  for  the  purpose. 


ENGINEERING  EDUCATION  AND  COOPERATION 
AMONG  ENGINEERS.* 

BY  JOHN  F.  HAYFOED, 
Director.  College  of  Engineering,  Northwestern  University. 

The  Society  for  the  Promotion  of  Engineering  Education  is 
vitally  interested  in  the  improvement  in  the  profession  of 
engineering  which  would  be  produced  by  closer  cooperation 
among  the  very  numerous  engineering  societies. 

There  are  strong  interests  which  the  many  engineering  so- 
cieties have  in  common.  They  should  cooperate  for  those 
interests.  The  activities  of  the  various  engineering  societies 
are  largely  confined  to  technical  engineering  matters.  In 
placing  strong  emphasis  on  these,  many  less  technical  matters 
which  are  important  to  engineers  have  been  largely  over- 
looked, and  these  are  largely  mattei*s  of  common  interest  to 
the  whole  profession. 

In  these  matters  the  teachers  of  engineering  are  as  much 
concerned  as  those  who  are  in  engineering  practise.  There  is 
no  clear  line  of  distinction  between  the  two  groups.  The 
teachers  of  engineering  are  in  many  engineering  societies. 
Their  problems  overlap  and  agree  in  many  particulars  with 
those  of  the  practising  engineers,  especially  in  all  problems  of 
the  relations  between  men,  the  training  of  men,  and  the  selec- 
tion of  men  for  particular  projects.  The  teacher  of  engi- 
neering takes  certain  men  from  the  high  schools  and  selects, 
trains,  and  develops  them  to  the  best  of  his  ability  for  four  or 
five  years.  The  graduates  then  go  out  into  the  engineering 
work  of  the  world.  Those  in  executive  control  of  engineering 
work  then  find  that  one  of  their  most  difficult  and  important 

*  Bead  before  the  Conference  on  Engineering  Cooperation,  in  Chicago, 
April  13th,  1916. 
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tasks  is  to  continue  for  thirty  or  forty  years  the  training  and 
development  which  was  carried  forward  a  few  steps  in  college. 

Cooperation  among  engineers  would  bring  broader  views 
and  greater  opportunity.  These  in  turn  would  bring  corre- 
sponding improvements  in  the  methods  of  teaching  in  engi- 
neering and  in  the  opportunities  of  colleges  of  engineering. 

Engineers  are  too  prone  to  become  so  interested  in,  and  busy 
with,  the  details  of  their  daily  regular  work  that  it  is  difficult 
to  get  them  to  look  at  the  broader,  higher  things  which  concern 
them.  Similarly  the  student  is  so  busy  with  particular  prob- 
lems, with  certain  pages  of  certain  text  books,  and  so  inter- 
ested, that  it  is  difficult  to  get  him  to  look  up.  The  problem 
of  bringing  about  broader  views,  producing  a  vision  of  the 
greater  opportunities,  is  very  similar  in  the  two  cases. 

With  more  cooperation  and  broader  outlook  among  engi- 
neers there  would  be  sure  to  come  more  emphasis  on  character 
and  judgment,  and  ability  to  deal  with  men,  as  essential  to 
engineering  success.  The  corresponding  improvement  in  edu- 
cation would  follow  promptly. 

I  am  confirmed  in  my  belief  that  a  broader  outlook  on  the 
part  of  engineers  would  lead  to  improvement  in  what  they 
would  demand  from  the  teachers  of  engineering,  when  I  pic- 
ture in  retrospect  such  demands  as  have  been  made  in  the  past. 
It  is  my  experience  that  when  recent  graduates  are  asked  for 
suggestions  for  improvement  in  a  college  of  engineering  they 
usually  suggest  more  narrow  technical  training,  more  infor- 
mation. It  is  equally  true  that  when  engineers  of  long  ex- 
perience, especially  in  positions  where  they  have  dealt  with 
many  engineers,  are  asked  for  suggestions,  they  advocate  more 
general  training,  more  emphasis  on  the  quality  of  teaching, 
and  more  development  of  right  habits  of  thought  and  action. 

I  feel  confident  that  you  may  depend  upon  the  Society  for 
the  Promotion  of  Engineering  Education  to  be  cordial  toward 
cooperation.  That  is  the  habit  of  the  society  and  of  its  mem- 
bers.    Teachers  of  engineering  are  in  the  habit  of  keeping 
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closely  in  touch  with  engineers  and  with  engineering  work. 
The  Society  for  the  Promotion  of  Engineering  Education, 
organized  for  the  purpose  indicated  by  its  name,  has  always 
welcomed  practising  engineers  in  its  membership  and  on  its 
program.  More  than  one  tenth  of  its  present  membership  are 
men  engaged  actively  in  the  practise  of  engineering. 


THE  MEANING  OF  INTEGRATION  IN  CALCULUS. 

BY  JAMES  E.  BOYD, 
Professor  of  Mechanics.  The  Ohio  State  University. 

The  Society  for  the  Promotion  of  Engineering  Education 
has  recently  given  considerable  attention  to  the  fundamental 
notions  of  calculus.  At  the  Princeton  meeting  several  papers 
were  presented  and  the  lively  discussion  which  followed 
showed  the  interest  in  the  subject. 

Some  writers  insist  that  dy  and  dx  never  represent  quan- 
tities and  that  dy/dx  is  not  a  fraction  but  merely  a  single 
expression  for  the  limit  of  a  ratio.  This  point  of  view  is 
convenient  in  differential  calculus  but  is  sometimes  so  applied 
as  to  introduce  needless  confusion  into  the  integral.  In  the 
applications  of  integral  calculus  it  is  necessary  to  form  ex- 
pressions for  the  increments  of  the  physical  or  geometrical 
quantities  involved.  These  expressions  must  represent  some- 
thing which  may  be  visualized,  and  require  the  use  of  differen- 
tials. In  making  the  connection  between  these  expressions 
and  the  definite  integrals  some  writers  are  not  consistent ;  they 
define  dy  and  dx  as  not  representing  quantity  and  then  pro- 
ceed to  use  them  as  differentials.  Some  are  more  careful,  em- 
ploying Ai/  and  Aa;  for  finite  differentials  and  defining  the 
integral  sign  and  the  final  dx  in  ff'{x)dx  as  together  consti- 
tuting a  single  symbol  for  the  operation  of  finding  the  func- 
tion of  X  whose  first  derivative  is  fix).  No  objection  can  be 
made  to  the  logic  of  this  method.  It  is  not  easy  for  the  be- 
ginner to  grasp  or  to  connect  with  the  idea  of  integration  as 
a  summation.  Some  writers  of  applied  mathematics  use 
it  consistently,  always  expressing  the  increment  by  means  of 
the  finite  differential  and  discussing  the  conditions  as  this  dif- 
ferential approaches  zero  as  a  limit.  Considered  as  an  exer- 
cise in  integration,  a  little  of  this  process  of  practically  de- 
riving the  principles  of  calculus  each  time  a  problem  is  solved 
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may  be  helpful  to  the  beginner,  but  as  a  method  of  working 
out  applied  mathematics  it  puts  too  much  emphasis  on  the 
machinery  of  the  solution,  distracts  the  attention  from  the 
physical  problem,  and  is  wearisome  to  the  reader. 

A  second  group  of  writers  define  dy  and  dx  as  representing 
very  small  quantities.  This  form  of  definition  makes  it  easy 
to  understand  integration  as  a  summation,  giving  a  result 
which  is  approximately  correct.  To  account  for  the  fact  that 
the  results  of  integration  are  not  approximate  but  are  abso- 
lutely correct  it  is  supposed  to  be  necessary  to  define  these 
differentials  as  infinitesimally  small.  The  nature  of  some  of 
these  definitions  is  well  illustrated  by  the  examples  given  by 
Professor  Huntington  in  his  paper  before  the  Princeton  meet- 
in  ?. 


Fig.  1. 


In  taking  up  the  definite  integral  it  is  customary  to  begin 
from  the  standpoint  of  the  determination  of  an  area.  This 
area  (Fig.  1)  is  divided  into  rectangles  of  height  f{x)  and 
width  \x  and  the  total  area  is  said  to  be  approximately  equal 
to  the  sum  of  these  rectangles.     This  total  area  is  represented 
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algebraically  by  ^f{x)Ax.  The  small  shaded  spaces  of  Fig. 
1  show  the  difference  between  this  approximate  total  area  and 
the  true  area  below  the  curve.  As  Ax  is  made  smaller  the 
number  of  these  residue  spaces  is  increased  but  their  total 
area  is  diminished;  and  at  the  limit,  when  Ax  becomes  dx, 
the  residue  is  said  to  vanish  and  the  exact  area  is  represented 
by  ff{x)dx.  Various  devices  are  used  to  show  that  the  resi- 
due actually  does  vanish  and  that  integration  regarded  as  a 
summation  is  equivalent  to  the  inverse  of  differentiation. 

It  is  not  at  all  necessary  that  the  differential  should  be  in- 
finitesimal in  order  to  make  the  results  of  integration  correct. 
The  differential  (Ax)  may  be  relatively  large  without  any 
residue  whatever.  This  is  because  the  terms  containing  Ax'^ 
and  the  higher  powers  of  Ax  (frequently  called  differentials 
of  the  second  and  higher  orders)  have  been  discarded  in  de- 
riving the  rules  for  differentiation,  and  these  terms  represent 
exactly  the  residue  which  is  not  accounted  for  in  forming  the 
expression  for  integration.  In  Fig.  1,  f{x)Ax  is  the  term 
which  contains  Ax  in  the  first  degree,  while  terms  which  con- 
tain Ax  in  the  second  and  higher  degrees  represent  precisely 
the  shaded  residue.  The  greater  part  of  this  residue  is  a 
triangle  the  base  of  which  is  Ax  and  the  altitude  the  second 
term  of  the  expansion  oi  f{x-\-  Ax).  The  third  term  is  equiv- 
alent to  the  area  enclosed  by  the  X  axis,  the  parabola  y  =  kx^ 
and  the  ordinate  x^=Ax,  where  Jc  is  the  coefficient  of  the 
second  power  of  Ax  in  the  expansion  of  f{xy<iAx).  The 
fourth  term  is  equivalent  to  the  area  bounded  by  the  X  axis, 
the  cubical  parabola  y  =  k'x^,  and  the  ordinate  x=^Ax  where 
k'  is  the  coefficient  of  the  third  power  of  Ax  in  the  above  ex- 
pansion. The  area  of  the  third  term  is  {kAx^)/S,  that  of  the 
fourth  one  is  {k'Ax'^)/4:  and  so  on. 

"When  we  consider  fxdx=^x-/2  we  are  accustomed  to  think 
that  x^/2  is  the  sum  of  a  great  number  of  terms  of  the  form 
of  xdx;  it  may  as  well  be  regarded  as  the  sum  of  one  or  more 
terms  of  the  form  xAx  -f-  (Aa:;-/2) . 

To  justify  these  statements  and  illustrate  their  meaning  we 
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will  now  consider  a  few  simple  examples,  but  before  doing  this 
it  is  advisable  to  define  one  term  which  we  will  use  and  to 
state  the  meaning  which  we  propose  to  give  to  two  common 
expressions  of  calculus. 

The  complete  differential  of  a  function  is  the  entire  incre- 
ment of  the  function.  The  complete  differential  of  x^  is 
Sx-^x  4-  3xAa;2  +  AxK 

The  differential  coefficient  is  the  coefficient  of  the  first  power 
of  Arc  in  the  complete  differential. 

The  integral  of  f{x)I^x  is  that  function  of  x  for  which  f'{x) 
is  the  coefficient  of  the  first  power  of  Ax  in  the  complete  dif- 
ferential. 


Fig.  2. 

These  definitions  require  no  change  in  the  methods  of  in- 
tegration but  merely  give  a  different  interpretation  to  the 
operation.  In  many  cases  integration  is  a  mere  algebraic 
process.  Important  applications  can  be  made  which  involve 
in  no  way  the  ideas  of  limits  or  infinitesimals,  and  many  more 
can  be  made  which  require  the  use  of  the  limit  of  an  infinite 
series  but  do  not  require  that  the  differentials  be  regarded 
as  infinitesimal. 
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Fig.  2  is  a  triangle  of  which  the  base  is  equal  to  the  altitude. 
"We  will  find  the  area,  taking  the  vertex  as  the  origin  and  the 
X  axis  perpendicular  to  the  base.  An  element  is  made  up  of 
the  parallelogram  of  area  icAa;  and  the  shaded  triangle  of 
base  and  altitude  Ax  which  is  similar  to  the  entire  triangle 
and  to  the  triangle  of  base  and  altitude  x.  If  A  represents 
area 

A  =  fx^x. 

We  recognize  xAx  as  a  quantity  of  the  second  degree  and  as 
the  first  term  of  the  complete  differential  of  x^/2.  Expand- 
ing (x  -\-  Aa;)  V2  we  find  the  complete  differential  to  be  xAx  -\- 
(Aic^/2).  If  the  area  of  the  triangle  of  baSe  and  altitude  x 
is  X-/2,  the  area  of  the  similar  triangle  of  base  and  altitude 
Aic  must  be  /S.x^/2  so  that  there  is  exact  correspondence  between 
the  element  of  area  and  the  complete  differential. 

To  find  the  area  between  two  lines  x  =  a  and  x  =  l)  we  may 
substitute  these  values  as  limits  in  the  integral  x^/2  and  get 
{b^  —  a")/2.  Instead  of  using  limits  in  the  integral  we  may 
substitute  x  =  a  and  Aa:;  =  &  —  a  in  the  complete  differential. 

xAx+—  ==  a{b  -a)  =  ^ =  — 2 —  * 

If  we  let  re  =  0  and  a;  =  &  we  get  the  area  of  the  entire  triangle 
from  the  last  term  of  the  complete  differential. 

Having  determined  the  first  term  of  the  complete  differen- 
tial from  the  geometry  of  the  problem  the  last  term  may  be 
obtained  without  getting  the  integral  and  the  area  calculated 
without  any  use  of  integration. 

Another  example  is  that  of  finding  the  moment  of  the  tri- 
angle of  Fig.  2  with  respect  to  an  axis  through  the  vertex 
parallel  to  the  base.  The  moment  of  the  parallelogram  is  its 
area  x/^x  multiplied  by  distance  x-\-  (Aa;/2)  and  that  of  the 
shaded  triangle  is  the  product  of  d.x'/2  multiplied  by  a?  -]-  cAa;, 
where  c  is  the  ratio  of  the  distance  of  the  center  of  gravity 
from  the  vertex  to  the  length  of  the  median.  The  term  which 
contains  Ax  in  the  first  degree  is  the  one  obtained  by  multiply- 
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ing  the  area  of  the  parallelogram  by  x.  This  is  x^\x  and  is 
recognized  as  the  first  term  of  the  complete  differential  of 
icV3.  The  complete  differential  is  x^Ax  +  icArr- +  (Aa;V3). 
The  entire  moment  is  a;-Ax -J- ^Ax- -4-  (cAa;V2)  which  corre- 
sponds exactly  with  the  complete  differential  provided  c  =  f. 
If  the  moment  of  the  triangle  of  height  x  is  x^ /Z  its  center  of 
gravity  is  at  the  distance  \x  from  the  vertex  making  c  =  | 
for  this  triangle;  it  must  have  the  same  value  in  the  similar 
small  triangle,  and  the  correspondence  is  exact  throughout. 
Instead  of  the  first  term  of  the  complete  differential  we 
might  get  the  second  term  and  deduce  the  integral  or  the  com- 
plete differential  from  it. 
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Fig.  3  represents  the  integral  of  x-Ax  in  another  form — 
this  time  as  an  area.  The  ordinate  at  the  left  of  an  element 
of  area  is  x^  and  that  at  the  right  is  (x  -}-  Ax)^  =  x^  -\-  2xAx  -f- 
Arr-.  The  first  term  of  the  complete  differential  is  the  rec- 
tangle of  area  x^Ax  from  which  the  integral  is  seen  to  be  x^/3 
and  the  complete  differential  is  x^Ax-\- xAx- -{-{Ax^/S).  The 
second  term  of  the  complete  differential  represents  the  tri- 
angle of  base  Ax  and  altitude  2xAx,  this  altitude  being  the 
first  term  of  the  complete  differential  of  x^.  The  third  term 
must  represent  the  shaded  space  CEF  if  we  are  to  have  exact 
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correspondence  between  the  complete  differential  and  the 
entire  element  of  area.  The  shaded  space  CEF  is  equal  to 
PBA,  since  the  horizontal  distance  CH  is  equal  to  FA  (both 
being  equal  to  Ao;),  and  the  length  of  the  vertical  elements  at 
any  given  horizontal  distance  from  the  vertex  is  the  same  for 
both  (being  A^-).  If,  then,  the  area  of  PCD  is  x^/^  the  area  of 
PBA  and  of  the  equal  CEF  must  be  Aa;73  and  the  correspond- 
ence is  exact. 

This  method  may  be  continued  for  all  functions  of  the 
form  of  x'^  where  n  is  a  positive  integer,  and  the  integration 
of  these  functions  shown  to  be  merely  an  algebraic  process. 
The  differential  may  be  of  any  size.  Instead  of  integrating 
between  limits,  the  complete  differential  maj'  be  written  from 
the  form  of  the  first  term  and  the  result  calculated  by  substi- 
tuting the  values  of  x  and  Aa;. 


Fig.  4. 


Fig.  4  represents  the  integral  of  x^  x.  The  second  term  of 
the  element  of  area  is  the  triangle  of  base  Arc,  altitude 
x-iAx/2,  and  area  x-^Ax'^/4:.  The  altitude  of  this  triangle  is 
the  first  term  of  the  complete  differential  of  ic^ .  The  third  term 
of  the  element  of  area  is  the  shaded  figure  CFE,  the  vertical 
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height  of  which,  measured  from  the  line  CF,  is  — x~'-Ax-/8, 
the  second  term  of  the  complete  differential  of  xK  The  area 
of  CFE  is  the  product  of  — x~^/8  multiplied  by  the  area  en- 
closed by  the  curve  y  =  x-,  the  X  axis,  and  the  ordinate 
x  =  Ax.  This  area  is  equivalent  to  that  of  PBA  (Fig.  3), 
and  is  Ax^S,  so  that  the  area  of  CFE  is  —  a;-iAxV24  In  a 
similar  way  the  next  term  of  the  element  of  area  is  found  to 
be  -{- ar' AxV6-4.  From  the  first  term  the  integral  is  recog- 
nized to  be  fx^,  the  complete  differential  of  which  corre- 
sponds exactly  with  the  element  of  area. 

When  the  complete  differential  is  an  infinite  series,  as  in 
this  case,  the  area  between  any  two  ordinates  may  still  be  com- 
puted to  any  desired  accuracy  provided  the  ratio  of  Ax  to  x 
be  such  that  the  series  is  convergent.  It  is  not  necessary  that 
the  differential  of  x  shall  be  infinitesimal  unless  x  is  infinitely 
small.  (In  the  problem  above,  the  entire  area,  from  x=0  to 
any  ordinate,  may  be  calculated  from  the  complete  differen- 
tial using  Aj:  =  —  x.     The  series  converges,  but  very  slowly.) 

As  a  check  on  the  integi'al  the  element  of  area  may  be 
taken  parallel  to  the  X  axis,  giving  the  integral  of  i/'Ay,  so 
that  the  student  may  see  that  even  when  the  complete  dif- 
ferential is  an  infinite  series,  exact  results  may  be  obtained  by 
the  use  of  finite  elements. 

Any  problem  involving  integration  between  limits  may  be 
solved  in  the  usual  way,  or  the  value  may  be  calculated  with 
finite  increments.  "When  the  complete  differential  has  a  lim- 
ited number  of  terms  the  results  of  the  two  methods  agree 
exactly.  "WTien  it  is  an  infinite  series  they  may  be  shown  to 
agree  to  any  desired  degree  of  accuracy. 

The  complete  differential  may  be  determined  by  the  meth- 
ods used  in  the  preceding  problems  or  by  Taylor's  theorem. 
It  may  be  employed,  instead  of  the  ordinary  integration,  in 
the  solution  of  many  important  applications  of  mathematics, 
such,  for  instance,  as  the  derivation  of  the  equation  of  the 
elastic  line  of  a  beam  or  column.  The  results  of  the  use  of 
the  complete  differential  are  frequently  easier  to  interpret 
than  those  secured  bv  integration. 
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A  few  simple  examples  like  these  should  be  sufficient  to 
show  to  the  student  that  differentials  need  not  be  infinitesi- 
mal in  order  that  the  results  of  integration  may  be  correct, 
but  that  the  troublesome  residues  are  fully  accounted 
for  by  the  terms  of  the  complete  differential  which  are  usually 
discarded.  They  are  not  presented  as  substitutes  for  the  or- 
dinary methods  of  integration,  but  merely  as  side  lights 
which  may  help  to  clear  up  some  of  the  confusion  which 
seems  to  exist  in  regard  to  this  subject,  and  show  that  differen- 
tials are  finite  realities,  and  not  mere  "ghosts  of  departed 
quantities. ' ' 


SOME    THOUGHTS    ON    ENGINEERING 
EDUCATION. 

BY  A.  B.  McDAXIEL, 
Assistant  Professor  of  Civil  Engineering,  University  of  Illinois. 

These  remarks  are  not  intended  to  be  a  comprehensive  dis- 
cussion of  the  subject  of  engineering  education,  but  simply 
to  touch  upon  a  few  of  the  noteworthy  features. 

Dr.  C.  R.  Mann's  interesting  and  timely  report  has  brought 
to  our  attention  many  of  the  faults  of  present  day  technical 
instruction.  A  proper  consideration  of  this  report  should  at 
least  arouse  us  from  our  unfortunate  state  of  apathetic  indif- 
ference and  self-satisfied  contentment,  and  lead  to  a  well- 
defined  movement  for  constructive  reform. 

The  full  import  of  Dr.  Mann's  criticism  and  that  of 
other  educators  and  engineers  is  that  there  is  startling  in- 
efficiency in  our  engineering  schools.  Presumably  these  criti- 
cisms are  based  on  a  study  of  the  output;  the  average  engi- 
neering graduate.  Is  the  graduate  engineer  as  he  enters  his 
professional  career  from  college  absolutely  useless  as  some 
claim,  or  has  he  potential  power  for  future  usefulness? 
Doubtless  the  judgment  of  the  critic  will  depend  upon  the 
point  of  view.  Does  the  average  employer  expect  the  young 
graduate  to  be  a  full  fledged  engineer,  or  .simply  an  inexperi- 
enced man  with  a  thorough  knowledge  of  the  fundamental 
principles  of  pure  and  applied  science?  Certainly  it  would 
be  reasonable  to  expect  the  latter,  and  yet  few  of  our  average 
engineering  graduates  fulfill  the  reciuirements  of  the  latter 
condition.  Apparently  not  if  we  are  to  believe  the  current 
criticism  of  a  large  number  of  employers  of  young  men.  The 
claim  is  often  made  that  the  average  technical  graduate  lacks 
initiative,  self-reliance,  mental  power  and  force;  is  possessed 
of  a  vast  stock  of  unassimilated  knowledge  and  an  overweaning 
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conceit,  has  a  passion  for  novelty  and  a  disregard  for  age  and 
experience.     Ferrero  said  of  the  young  men  of  Rome  in  the 
time  of  Cassar,  "The  passion  to  read  deep  and  widely,  to  fill 
the    mind    with    great    generalizations    and    all-embracing 
theories ;  to  fathom  the  very  depths  of  Being  was  becoming  an 
enthusiasm,  common  among  the  younger  generations ;  but  they 
combined  with  it  an  impatient  delight  in  novelty  for  its  own 
sake  and  an  insistent  craving  for  fineness  of  execution  and 
perfection  of  detail  which  had  been  entirely  foreign  to  their 
elders."     The  speaker  believes  that  this  statement  is  largely 
true  of  the  younger  generation  of  today.     The  characteristic 
of  the  present  age — great  development,  constant  change  and 
luxurious  standards  of  living — are  doubtless  largely  responsible 
for  this  condition  of  affairs.     But  are  our  schools  not  en- 
couraging  this   unfortunate    attitude    toward    life    in   their 
students?     Is  not  the  over-emphasis  of  the  elective  system, 
the  introduction  of  a  large  number  of  subjects  of  a  purely 
descriptive  character  and  the  high  degree  of  specialization  in 
every  branch  of  applied  science  a  tendency  to  cater  to  the 
wishes  of  students  who  desire  to  attain  a  vast  mass  of  ill- 
assorted,  restricted  facts  at  the  least  expenditure  of  mental 
effort   and   in  the  shortest  time?     The   average  student   is 
immature,  short-sighted  and  mercenary.     He  views  a  college 
course  largely  upon  the  basis  of  its  ready  and    immediate 
capitalization  value.     A   Chinese   student  of  high   standing 
said  to  me  upon  securing  his  master's  degree  two  years  ago. 
"Professor,  it  is  a  Chinese  puzzle  to  me  to  understand  how  T 
am  to  do  practical  work  with  so  little  knowledge  of  the  details 
of  engineering  construction."     After  a  year's  experience  on 
railroad  construction  in  the  southwest  he  wrote  me,  "I  am 
learning  the  details  by  the  thousands  and  with  such  ease. 
Now  I  know  why  you  drilled  in  the  fundamentals  of  our 
courses. ' ' 

Thus  the  young  Oriental  engineer  worked  out  for  himself 
the  apparently  inexplicable  Chinese  puzzle  and  discovered 
that  the  value  of  technical  training  lies  not  in  the  accumula- 
tion  of   a  great   store   of   detailed   information  but   in   the 
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acquisition  of  the  power  to  observe  accurately,  to  reason  cor- 
rectly, and  to  act  quickly  and  truly.  The  speaker  believes  it 
is  largely  immaterial  what  course  a  student  takes  in  an  engi- 
neering school  if  he  receives  the  training  which  develops  in 
him  intellectual  power,  initiative,  self-reliance  and  resource- 
fulness. Of  four  of  the  teachers  of  professorial  rank  in  the 
department  of  civil  engineering  in  one  of  the  largest  state 
universities  of  the  Middle  West,  one  graduated  as  a  mining 
engineer,  another  as  a  mechanical  engineer,  a  third  as  an 
architectural  engineer,  and  the  fourth  with  only  an  academic 
training  from  a  small  eastern  college. 

The  speaker  has  noted  with  great  concern  the  tendency  in 
many  of  our  larger  institutions  to  encourage  research  and 
literary-  work  among  their  faculties  on  the  plea  of  the  de- 
sirability of  contributing  to  the  sum  total  of  human  knowledge 
and  of  keeping  abreast  of  the  times.  No  one  will  refute  the 
argument  that  engineering  or  any  other  professional  field  can 
not  be  successfully  taught  solely  out  of  books  and  that  the  real 
virile  teacher  must  keep  up  with  the  progress  of  his  profession 
both  by  practical  experience  and  research.  But  it  is  only  the 
very  exceptional  performer  at  the  circus  who  can  ride  three 
horses  around  the  ring  without  falling  between  them.  So  in 
the  educational  arena,  the  average  teacher  should  devote  the 
major  part  of  his  time  and  energy  to  either  teaching,  practical 
work  or  research,  if  he  wishes  to  make  a  success  of  any  one. 

However,  the  teacher  should  primarily  teach.  Of  what 
value  is  his  instructional  ability  to  the  students  if  a  large 
share  of  his  time  is  spent  in  the  research  laboratory  or  in 
a  distant  commercial  field?  An  assistant  dean  of  one  of  our 
large  engineering  schools  recently  told  me  that  students  often 
came  to  him  and  stated  that  they  could  rarely  find  certain 
professors  in  their  offices  outside  of  classroom  hours. 

The  speaker  believes  that  the  problem  of  engineering  educa- 
tion is  not  one  of  technology  but  one  of  education.  The 
typical  curricula  of  our  present-day  engineering  schools  may 
be  likened  unto  a  tree  which  has  attained  marvellous  growth 
in  a  short  time  and  has  run  to  "top"  foliage.     The  present 
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course  of  study  should  be  pruned  down  so  as  to  eliminate  a 
great  deal  of  the  highly  specialized  work  and  to  produce  a 
general  course  in  applied  science  which  would  give  a  thorough 
training  in  the  fundamental  principles  which  the  broadly 
trained  engineer  should  know. 

A  professor  in  a  large  middle-western  university  was  re- 
cently asked  as  to  the  ethical  and  moral  standards  of  his 
students.  He  replied :  "I  don "t  know  ami:hing  about  the 
character  of  my  students.  I  am  teaching  them  history." 
And  yet  that  same  man  would  be  grievously  insulted  if  any 
one  told  him  he  was  not  doing  his  full  duty  as  a  teacher.  The 
following  quotation  is  taken  from  a  letter  published  in  a  re- 
cent number  of  an  engineering  journal.  "Character  and 
integrity  should  be  taken  as  a  matter  of  course,  but  character 
is  not  formed  without  experience.  Efficiency,  judgment, 
perspective,  understanding  of  men  and  executive  ability  can 
only  come  from  experience,  and  can  not  be  taught  in  any 
engineering  school. ' ' 

It  is  true  that  experience  and  those  qualities  which  largely 
make  for  success  in  a  material  sense  can  only  be  acquired  in 
the  great  University  of  the  World's  "Work,  but  is  material 
success  the  chief  aim  of  man  and  is  imparting  knowledge  the 
sole  function  of  the  teacher?  The  speaker  has  often  been 
impressed  with  this  opinion  when  he  has  heard  eminent 
teachers  eloquently  urge  their  students  to  go  out  into  the 
world  and  lose  no  time  in  acquiring  fame,  reputation  and  great 
incomes,  that  these  things  may  serve  to  reflect  glory  on  them- 
selves and  on  their  alma  mater.  God  forbid  that  our  younger 
generation  is  striving  solely  for  these  transitory  baubles  of  the 
material  world ! 

Truly  successful  is  the  teacher  who  arouses  his  students  to 
a  thirst  for  learning  and  a  passion  for  labor,  who  instills  into 
his  young  companions  the  high  ideals  of  faith  in  God,  love  of 
man  and  public  service.  Every  young  engineer  in  entering 
upon  his  professional  career  if  he  wishes  to  attain  the  success 
that  endures  and  to  reap  the  harvest  of  ''work  well. done" 
must  be  imbued  with  the  spirit  of  the  humble  Oriental  which 
is  so  beautifully  expressed  in  the  following  lines : 
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Abou  Ben  Adhem  (mav  his  tribe  increase!) 

Awoke  one  night  from  a  deep  dream  of  peace, 

And  saw  within  the  moonlight  in  his  room, 

Making  it  rich  and  like  a  lilv  in  bloom, 

An  angel,  writing  in  a  book  of  gold: 

Exceeding  peace  had  made  Ben  Adhem  bold, 

And  to  the  presence  in  the  room  he  said. 

""Wliat  writest  thou?" — The  vision  raised  its  head, 

And  with  a  look  made  of  all  sweet  accord, 

Answered,  ' '  The  names  of  those  who  love  the  Lord. ' ' 

"And  is  mine  one?"  said  Abou.     "Xay,  not  so," 

Replied  the  angel — ^Abou  spoke  more  low, 

But  cheerily  still  and  said,  ' '  I  pray  thee,  then, 

"^rite  me  as  one  that  loves  his  fellow-men." 

The  angel  wrote,  and  vanished.     The  next  night 

It  came  again,  with  a  great  awakening  light, 

And  showed  the  names  whom  love  of  God  had  blessed. 

And,  lol     Ben  Adhem 's  name  lead  all  the  rest  I 


THE  HUMAN  SIDE  OF  ENGINEERING. 

BY  F.  H.  XEWELL, 
Professor  of  Civil  Engineering,  University  of  Illinois. 

The  attitude  of  the  ordinary  young  engineer  seems  to  be 
that  of  studying  the  economics  of  materials  rather  than  of 
men,  of  considering  very  carefully  all  the  minor  points  of  this 
side ;  but  of  ha^ang  a  profound  contempt  for  anything  that  has 
to  do  -with  the  economics  of  mankind  as  a  factor  of  construc- 
tion. AVe  are  coming  gradually  to  the  point  of  considering 
that  the  persons  we  employ  are  ynen,  and  that  their  reactions 
are  governed  by  laws  which  are  as  interesting  as  those  which 
govern  material.  The  most  interesting  study  is  man;  as  we 
get  older,  we  appreciate  the  practical  importance  of  studying 
men ;  and  we  also  appreciate  what  the  young  engineer  seldom 
does — that  these  laborers,  often  apparently  the  outcasts  of 
society,  are  men.  It  is  a  shock  to  some  of  these  youngsters  to 
really  understand  that  fact,  and  to  get  it  into  their  conscious- 
ness. "When  they  do  their  whole  attitude  toward  their  work  is 
different. 

The  successful  engineer  is  beginning  to  appreciate  the  eco- 
nomics which  apply  to  men,  as  he  gets  deeper  into  the  work  of 
keeping  them  on  the  job,  of  enthusing  them  to  that  point  where 
they  will  stay  with  him,  not  merely  on  the  day's  routine,  but 
in  case  of  emergency  for  a  twenty-four-hour  day  when  neces- 
sary to  saA'e  the  great  work  which  he  may  have  under  con- 
struction. 

In  our  educational  system  we  should  try  to  get  into  the  mind 
of  the  embryo  engineer  a  few  things  beyond  those  relations  to 
the  mere  material  substances  he  is  to  handle  and  yet  do  this 
without  adding  more  courses  to  an  already  overloaded  system. 
The  problem  before  us  is  to  get  into  the  head  of  the  youngster 
the  fact  that  a  large  part  of  his  success  depends  on  his 
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handling  men ;  and  that  he  must  begin  to  learn  men  as  early 
as  possible  in  his  college  course,  in  spite  of  the  handicap  which 
surrounds  him  in  college  with  its  peculiar  surroundings  which 
differ  so  widely  from  anything  he  will  experience  afterwards. 
It  is  our  problem  to  teach  about  men  when  the  student  is  not 
in  contact  ^^'ith  the  type  he  will  work  with  when  he  leaves  col- 
lege, especially  if  he  goes  out  on  large  public  works,  and  is 
immediately  brought  into  contact  with  the  great  body  of  indi- 
viduals whom  we  classify  as  day  laborers.  The  solution  of 
this  question  has  been  brought  about  in  part  through  coopera- 
tion with  such  organizations  as  the  Young  Men's  Christian 
Association  and  others,  who  are  trying  to  bring  college  men 
into  contact  with  the  great  mass  of  humanity  that  make  up 
the  laborers  and  the  ordinary  citizens  of  the  commonwealth. 
It  is  proper  to  urge  and  even  insist  that  the  Y.  ]\I.  C.  A.  or 
some  such  institution  shall  be  recognized  in  planning  large  en- 
gineering work  and  that  our  young  men  shall  take  part  in  all 
the  social  work  which  brings  the  engineer  in  contact  with  his 
laborers,  such  contact  that  he  may  know  them  without  in- 
volving any  of  the  familiarity  which  may  breed  contempt.  For 
example,  in  more  modern  works  when  starting  a  construction 
camp  to  be  occupied  for  six  months  or  six  years,  it  is  now  con- 
sidered wise  to  put  up  fairly  decent  quarters  with  rough,  but 
clean  bath-houses,  and  an  amusement  hall  where  the  men  can 
be  entertained  properly  during  the  eight  hours  of  recreation. 
On  governmental  work  there  are  supposed  to  be  eight  hours  of 
sleep,  eight  hours  of  work,  and  eight  hours  of  idleness.  It  is 
just  as  much  the  duty  of  the  engineer  in  charge  to  provide 
suitable  diversion  in  that  eight  hours  of  idleness  and  thus 
keep  his  men  fit  for  work,  as  it  is  to  economize  in  the  use  of  his 
materials  of  construction.  Unless  he  is  keeping  his  organiza- 
tion in  good,  effective  trim,  he  is  losing  money. 

The  paper  on  this  subject  prepared  by  'Mr.  Rindge  and 
printed  in  the  Bulletin  of  the  S.  P.  E.  E.  is  worthy  of  careful 
study.  It  represents  a  recent  development.  The  point  to  be 
brought  out  is,  to  what  extent  can  our  young  men  in  college 
rub  elbows  before  graduation  with  the  type  pf  men  they  will 
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have  to  work  with  in  their  later  life  ?  The  answer  suggested 
by  the  Y.  M.  C.  A.  work  is,  through  doing  a  little  teaching, 
perhaps  going  into  settlement  work  nearby — because  every 
college  is  within  close  reach  of  the  abodes  of  foreigners  and 
laborers  who  can  be  helped,  and  who  can  in  turn  help  the 
young  engineer.  This  is  what  the  industrial  service  movement 
has  been  doing  throughout  the  entire  country.  Started  at 
Yale,  it  has  spread  through  two  hundred  and  fifty  colleges  and 
universities.  The  paper  so  recently  revised  goes  on  to  give  a 
list  of  proposed  courses  that  might  be  given,  with  lectures  and 
outside  reading,  Mr.  Eindge  closes  by  asking  the  question, 
''Have  the  experiments  been  justified  by  the  results?"  His 
answer  is  that  without  doubt  the  results  are  well  worth  the 
effort.  I  will  simply  present  this  paper  as  revised,  asking  that 
it  be  printed  in  due  time,  and  leave  with  you  this  question, 
namely,  whether  without  overloading  the  curriculum  we  can 
bring  to  the  attention  of  our  students  an  appreciation  that 
there  is  a  human  side  of  engineering,  as  well  as  a  material  side. 

Discussion. 

Henry  S.  Jacoby:  When  this  subject  was  presented  to  the 
engineering  students  in  Cornell  University,  155  men  volun- 
teered to  devote  two  evenings  a  week  to  teaching  foreigners  in 
Ithaca,  Many  men  were  disappointed,  since  only  twenty-nine 
groups  were  finally  organized  throughout  the  city.  The  ex- 
perience of  these  teachers  was  really  remarkable.  They  found 
that  such  personal  contact  was  valuable  to  themselves.  At  the 
closing  general  session,  one  of  the  foreigners  stated  that  as 
they  saw  these  students  coming  to  them  night  after  night, 
through  sleet  or  snow,  rain  or  storm,  teaching  them  without 
compensation,  they  felt  that  these  men  must  be  real  friends. 
They  could  trust  the  college  students,  and  could  ask  them 
about  any  life  question ;  while  they  were  afraid  of  other  people 
who  came  to  them  in  a  different  attitude.  I  need  not  take  time 
to  talk  of  the  results  at  Yale  Univeristy,  where  this  kind  of 
work  was  introduced. 
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Dr.  C.  R.  Maim :  This  movement  is  not  merely  of  tremendous 
benefit  to  the  student  of  engineering,  but  also  to  the  laborer 
who  benefits  from  the  instruction.  This  is  one  of  the  direct 
lines  of  contact  by  which  the  culture  of  the  university — if  Mr. 
Kent  will  pardon  me — can  be  brought  into  contact  with  the 
life  of  the  world.  It  is  one  line  of  attack  on  a  big  problem. 
I  certainly  hope  it  is  going-  to  be  developed. 

Professor  E.  F.  Coddington:  This  Society  may  be  interested 
to  know  that  during  the  past  year  Mr.  Rindge  visited  our  In- 
stitution and  asked  if  it  would  be  possible  for  us  to  hold  a 
human  engineering  congress  at  our  Institution.  "We  have  that 
under  consideration  now.  The  prospects  are  that  we  will  hold 
such  a  congress  early  this  fall,  perhaps  about  October,  and 
will  try  to  bring  representatives  from  all  over  the  country,  who 
will  be  exponents  of  this  movement.  "We  are  hoping  for  some- 
thing verA'  fine  along  this  line.  I  can  not  assure  you  that  this 
is  going  to  take  place,  but  we  hope  it  will ;  and  if  it  does  take 
place  we  would  be  ven.-  happy  to  have  this  Association  well 
represented. 


LOUIS  DUNCAN. 

Louis  Duncan  was  born  in  "Washington,  D.  C,  March  25, 
1861,  and  died  February  13,  1916,  at  Pelham  Manor,  New 
York.  He  was  the  third  of  four  sons  of  the  Eev.  Thomas  Dun- 
can and  ]\Iaria  L.  Morris  Duncan. 

Louis  Duncan  was  educated  in  country  schools  in  Maryland, 
Virginia  and  Tennessee  until  his  entrance  into  the  East  Tenn- 
essee University.  After  one  year's  attendance  there  he  was 
appointed  to  the  U.  S.  Naval  Academy  from  Kentucky',  grad- 
uating twenty-third  in  his  class  in  1880.  After  two  years' 
cruise  in  the  Pacific  Ocean  he  took  his  examination  for  Ensign, 
standing  first  in  his  class.  He  was  then  detailed  to  Johns  Hop- 
kins University  to  assist  in  the  work  of  determining  the  abso- 
lute unit  of  electrical  resistance  for  the  U.  S.  government,  re- 
ceiving the  degree  of  Ph.D.  for  this  work  in  1885  from  the 
university. 

He  resigned  from  the  Navy  in  1886  to  take  the  chair  of  elec- 
tricity at  Johns  Hopkins  where  he  continued  until  1899.  Dur- 
ing these  years  he  was  continuously  occupied  in  engineering 
work.  He  had  charge  of  the  construction  of  a  number  of  elec- 
tric roads  in  Baltimore;  was  consulting  engineer  for  prac- 
tically all  the  electric  roads  in  Washington ;  and  was  engineer 
for  the  Baltimore  &  Ohio  Company  and  installed  the  100-ton 
electric  locomotive  which  haul  trains  through  the  Baltimore 
tunnel.  He  resigned  from  Johns  Hopkins  in  1899  and  became 
chief  engineer  and  had  charge  of  construction  of  the  Third 
Avenue  system  in  New  York.  In  1902  he  was  called  to  in- 
augurate the  electrical  engineering  course  at  the  Massachusetts 
Institute  of  Technology,  remaining  as  head  of  the  electrical 
engineering  department  until  his  resignation  in  1904. 
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Louis  Duncan  contributed  the  articles  on  Electric  Traction 
in  the  tenth  and  eleventh  editions  of  the  Encyclopedia  Britan- 
nica  and  was  the  author  of  many  scientific  papers. 

He  was  Lieut.  Commander  in  the  ^Maryland  Naval  Reserve 
and  at  the  outbreak  of  the  Spanish-American  War  was  ap- 
pointed ]\rajor  of  the  First  Battalion  of  the  First  Regiment  of 
Volunteer  Engineers. 


ARTHUR  EDWIN  HAYNES. 

Arthur  Edwin  Haynes,  retired  professor  of  engineering 
mathematics,  died  at  his  home  March  12,  1915.  Professor 
Haynes  was  obliged  to  give  up  his  work  in  the  University  of 
Minnesota  in  1911  on  account  of  a  stroke  of  paralysis  which 
prevented  his  continuing  his  active  connection  with  the  Uni- 
versity. To  one  Avho  had  been  so  active  in  University  life,  so 
ambitious  for  the  advancement  of  his  department,  and  who 
had  so  great  a  love  for  teaching,  this  proved  a  very  great  blow. 
Professor  Haynes  enjoyed,  to  an  unusual  degree,  the  genuine 
affection  of  those  who  were  brought  into  close  connection  with 
him.  He  was  not  only  an  able  teacher,  but  he  took  a  human 
interest  in  those  who  were  under  his  charge  and  was  always 
interested  in  their  welfare.  He  was  also  public  spirited  in  his 
relations  to  the  University  community.  The  activity  with 
which  he  was  most  closely  connected,  and  which  will  be  men- 
tioned most  often  in  connection  with  his  name  in  years  to  come, 
is  the  securing  of  the  student  soldier  memorial  monument 
which  stands  on  the  university  campus  opposite  the  university 
armory. 

Although  Professor  Haynes  has  not  been  actively  connected 
with  the  university  and  on  the  campus  daily  during  the  past 
four  years,  his  death  will  create  a  real  vacancy  in  university 
circles,  and  there  will  be  a  large  number  of  alumni  and  former 
students  who  will  long  cherish  his  memory  as  that  of  a  very 
dear  friend. 

Professor  Haynes  was  a  member  of  the  Society  for  the 
Promtion  of  Engineering  Education  since  1895. 
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J.  W.  MULDOWNEY. 

Mr.  J.  "Wm.  Muldowney,  instructor  in  charge  of  the  Heat- 
ing and  Ventilating  department  at  Franklin  Union,  Boston, 
died  on  September  ]5,  1916.  Mr.  Muldowney  has  lately  been 
associated  with  J.  P.  Dwyer  &  Co.,  Boston,  heating  contractors, 
and  with  Hollis  French  &  Allen  Hubbard,  Boston,  heating  en- 
gineers. Mr.  Muldowney  was  also  a  member  of  the  American 
Society  of  Heating  and  Ventilating  Engineers,  and  has  been 
in  charge  of  the  Franklin  Union  Heating  and  Ventilating  de- 
partment since  its  opening  in  1908.  He  has  been  a  member  of 
the  Society  for  the  Promotion  of  Engineering  Education  since 
1912. 
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FREDERIC  H.  ROBINSON. 

Frederic  H.  Robinson  was  born  at  Wilmington,  Delaware, 
on  August  28,  1S50,  and  died  October,  1916.  His  early  edu- 
cation was  received  in  the  AVilmington  public  schools,  and 
later  in  the  "Wm.  A.  Reynolds  Classical  and  Mathematical  In- 
stitute, "Wilmington,  Delaware.  After  graduating  he  taught 
mathematics  and  English  in  the  latter  institute,  in  this  way 
earning  the  money  with  which  to  pay  his  way  through  col- 
lege. In  1875  he  was  graduated  from  the  Polytechnic  College 
of  the  State  of  Pennsylvania  with  the  degree  of  B.C.E.,  win- 
ning the  prize  for  the  best  graduating  thesis.  In  1883  he  re- 
ceived from  the  same  college  the  degree  of  C.E.  Since  his 
graduation  he  has  occupied  the  following  positions :  Assistant 
Engineer,  Pittsburgh  Division  of  Pennsylvania  Railroad :  As- 
sistant Professor  and  Professor  of  Mathematics.  Polytechnic 
College;  Draftsman  Edgemoor  Bridge  "Works;  Assistant  En- 
gineer and  Chief  Engineer,  Department  of  Engineering  and 
Surveying,  "Wilmington,  Delaware ;  Instructor  in  the  "Wilming- 
ton Drafting  School ;  member  of  the  firm  of  Canby  and  Robin- 
son. Civil  Engineers  and  Surveyors.  Wilmington,  Delaware ; 
Assistant  Engineer  in  the  Corps  of  the  Maryland  Division  of 
the  P.  B.  and  W.  R.  R.  Since  1891  Professor  of  Civil  Engi- 
neering, Delaware  College,  and  since  1896  Secretary  of  the 
Faculty,  he  has  written  some  verse,  literary  and  scientific 
essays  and  the  portion  of  a  textbook  on  surveying.  He  was  a 
member  of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation since  1894. 
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GRIFFITH  D.  WALTERS. 

Griffith  D.  Walters  was  born  in  Wales  in  1884.  He  received 
the  degree  of  B.S.  in  civil  and  irrigation  engineering  in  the 
Colorado  Agricultural  College  in  1911  and  during  the  follow- 
ing year  was  assistant  in  irrigation  investigations  there  under 
V.  M.  Cone.  In  1913  he  was  engaged  to  take  charge  of  the 
duty  of  water  investigations  for  the  Canadian  government 
under  F.  H.  Peters,  commissioner  of  irrigation,  and  was  at 
the  time  of  his  death  chief  agricultural  engineer,  Irrigation 
Branch,  Department  of  the  Interior.  Mr.  Walters  died  Janu- 
ary 15,  1916.  He  was  a  member  of  the  Society  for  the  Pro- 
motion of  Engineering  Education  since  1913. 
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